CHAPTER 13

ENERGY CONSERVATION
(This Chapter isentirely unigue to Massachusetts)

NOTE: The provisions of Chapter 13 specified herein apply to projects for which permit applications are made after

January 1, 2001.

Exception: Between January 1, 2001 and June 30, 2001, projects may utilize either the provisions of Chapter 13 as
specified herein, or the provisions of Chapter 13 specified in 780 CMR Sixth Edition effective 2/28/97.

780 CMR 1301.0 ADMINISTRATION

1301.1 Scope: 780 CMR 13 setsforth requirements
for the effective use of energy in structures other
than low rise residential buildings, which shall be
designed and constructed to comply with the
requirements of 780 CMR APPENDIX J.

Exception: For the purposes of energy
conservation, Use Group R-1 buildings are to be
treated as commercial buildings.

1301.2 Compliance: Buildings shall be deemed to be
in compliance with 780 CMR 13 when built to the
provisions of 780 CMR 1301 and 1303, and either:
1. 780 CMR 1303 through 1308; or
2. 780 CMR 1309.

Exception: Asan dternative to the provisions
of 780 CMR 1304, buildings with total floor
areanot greater than 10,000 square feet may be
designed and constructed using the envelope
requirements of 780 CMR APPENDIX J.

1301.2.1 Heating, Pumping, ProcessPiping and
Refrigeration Systems.  Heating, pumping,
process piping and refrigeration systems shall be
installed by contractors and  personnel
appropriately licensed in the Commonwealth of
Massachusetts (Installing Contractor). Engineered
designs and specifications prepared by Registered
Professonal Engineers shal identify systems
requiring compliance with appropriate sections of
M.G.L. c. 146 and 528 CMR. Shop drawingsand
design layout prepared by licensed ingtalling
contractors shall note the name(s), license

ment, or prevent the continuance of the use and
occupancy of, a lawfully existing building, unless
provided otherwise specifically by 780 CMR 13.
1301.5 Additionsto Existing Buildings: Additions
to existing buildings or structures shall be made
without making the entire building or structure
comply. The new construction shall conform to the
provisions of 780 CMR 13 as they relate to the
addition only.

1301.6 Alterations to Existing Buildings: See
780 CMR 3407.

1301.7 Exempt Buildings: The following buildings
are exempt from the further provisions of 780 CMR
13, with the exception of 780 CMR 1308.0 dealing
with lighting requirements:
1. Buildings and structures or portions thereof
whose peak design rate of energy usage is less
than one watt per square foot or three and four
tenths (3.4) Btu/h per square foot of floor areafor
al purposes,
2. Buildings and structures or portions thereof
which are neither heated nor cooled;
3. Greenhouses that are free-standing, or
attached to a building and separated by a wall
having the same thermal value as an exterior wall,
and provided with a separate temperature control
system;
4. Buildings with less than 100 square feet of
gross floor area.
5. Portions of aircraft hangars where aircraft are
housed or stored and/or aircraft servicing, repairs
or alterations may occur. Such hangars are also
exempt from the lighting requirements of
780 CMR 1308.



780 CMR: STATE BOARD OF BUILDING REGULATIONS AND STANDARDS
THE MASSACHUSETTS STATE BUILDING CODE

incorporated into the building, including but not
limited to: the exterior envelope component
materias; the R values of the respective elements,
the U values of the overall assembly; calculations
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of overal Uo of thewalls, roof/ceiling, and floors;
the size and type of apparatus and equipment;
controls; lighting requirements; and other pertinent
data to indicate conformance to 780 CMR 13.

1301.8.3 Calculation Procedures. Calculation
procedures shall be in accordance with the
ASHRAE Handbook, 1997 Fundamentals V olume
or as otherwise specified in 780 CMR 13.

1301.8.4 Approval and Acceptance of Heating,
Ventilating, and Air Conditioning (HVAC);
Lighting; and Electric Distribution Systems:

1301.8.4.1 Construction Documents. The
construction documents shall contain sufficient
information to completely describe the heating,
ventilation, and air conditioning (HVAC);
lighting; and electric power distribution
systems, including operational features and
controls. The information required for each
system shall include a summary of:
1. A description of the design intent
providing adetailed explanation of theideas,
concepts and criteria that are defined by the
owner to be important.
2. A description of the basis of design of the
systems including all information necessary
to prepare adesign to accomplish the design
intent.
3. A description of the sequence of
operation of the systems and their interaction
with other systems, including fire prevention
and fire protection systems.
4. A description of the systems including
the capacities of the equipment or systems.
5. A description of the testing requirements
and the criteria for passing to be used for
final systems acceptance.
6. A requirement for submittal of operation
manuals and maintenance manuals as a
condition of fina acceptance, and a
description of their format and content. The
operation manual shal provide al relevant
information needed for day-to-day operation
and management of each system. The
maintenance manual shall describe equipment
inventory and support the maintenance
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design elementsthat violate other requirements
of 780 CMR.

1301.8.4.2 Plans. All HVAC, lighting, and
electric power distribution system plans shall
contain sufficient information to identify the
system and equipment arrangements, system
and equipment sizing, systems specifications,
systems sequence(s) of operation and tabulation
of the building loads and building components
for compliance with 780 CMR.

1301.8.4.3 Design: All HVAC, lighting, and
electric power distribution systems including
sequence of operation, controls and supporting
documentation shall be designed and specified
by a qualified Registered Professional Engineer
except asprovidedinM.G.L. c. 143, § 54A and
any profession or trade as provided in M.G.L.
c. 112, 860L and M.G.L. c. 112, § 81R. The
Registered Professional Engineer(s) or other
legally recognized professional (M.G.L. c. 112,
§ 81R) shall be responsible for the review and
certification that all submittals and shop
drawings conform to the approved HVAC,
lighting, and electric power distribution
construction documents as submitted for the
building permit and approved by the building
official, per 780 CMR 116.0.

1301.8.4.4 Acceptance: In accordance with the
provisions of 780 CMR 120, a certificate of
occupancy shall not issue until the building
officia or his designees have witnessed a
satisfactory test of all HVAC, lighting control,
and electric power distribution systemsinstalled
in accordance with the construction documents.
All systems shall be tested in accordance with
the applicable standards of 780 CMR and
documents. In addition, the following
documents shall be simultaneoudly submitted to
the building officia prior to the issuance of a
permanent certificate of occupancy.
1. Certification from the Registered
Professional, as allowed in 780 CMR 116.2,
stating that the HVAC, lighting, and electric
power distribution systems have been
installed in substantial accord with the
approved construction documents.
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they have received al construction
including reports, controls documentation,
operation manual(s) and maintenance
manual(s).

Exception: In lieu of witnessing a
satisfactory functional test, the building
officia or their designees may accept afind
performance acceptance test report from a
Registered Professional Engineer or other
legaly recognized professional (M.G.L.
c. 112, § 81R). Said report shal certify that
the systems have been tested and
satisfactorily meet their performance
requirements.

1301.8.4.5 Unsafe Lighting and Ventilation:
The building official may require or accept the
documentation required in 780 CMR
1301.8.4.4 in enforcing the provisons of
780 CMR 3400.6.

1301.8.4.6 Conditional Acceptance: The
requirements of 780 CMR 1301.8.4.4 shall not
preclude the issuance of atemporary certificate
of occupancy by the Building Officia in
accordance with 780 CMR 120.3 aslong as it
can be demonstrated that compliance can be
accomplished with the building occupied.

1301.9 Materials and Equipment

1301.9.1 Identification: Where practicable, all
materials and equipment referenced in 780 CMR
1301.8 shal be marked in order to show
compliance with 780 CMR 13.

1301.9.2 Maintenance Information: Service
systems which require preventive maintenance to
maintain efficient operation shall be furnished with
complete necessary maintenance information.
Required routine maintenance actions, as specified
by the manufacturer, shall be stated clearly and
incorporated on a readily accessible label on the

documentsrequiredin 780 CMR 1301.8.4.1

equipment. Such label may be limited to
identifying, by title or publication number, the
operation and maintenance manua for that
particular model and type of product.

1301.9.3 Fenestration and Doors. Product
samples used for determining fenestration
performance shall be production line units or
representative of units as purchased by the
consumer or contractor.

1301.9.3.1 U-Factor: U-factors shal be
determined in accordance with AAMA 1503 or
NFRC 100. U-factors for skylights shall be
determined in accordance with NFRC 100.
U-factor shall be determined by an independent
laboratory accredited by anationally recognized
accreditation organization and shall be certified
by the manufacturer.

Exceptions. If a manufacturer of windows,
window systems, skylights, glazed or unglazed
door has not determined product U-vaue in
accordance with 1301.9.3.1, compliance with
the requirements of 780 CMR 13 shall be
determined only by assigning such products a
default U-value in accordance with Table
1301.9.3.1a or 1301.9.3.1b. Product features
must be verifiable for the product to qualify for
the default value associated with those features.
Where existence of a particular feature cannot
be determined with reasonable certainty, the
product shall not receive credit for that feature.
Where a composite of materials from two
different product types is used, the product
shall be assigned the higher U-value.

For garage doors, NAGDM 105 shall be an
acceptable aternate for determining U Factor.

Table 1301.9.3.1a
U-Value Default Table for Windows, Curtain Walls, and Skylights®
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Windows 0.98 0.56 0.48 0.41 0.37
Skylight 147 0.84 0.74 0.64 0.59
& Certain valuesin thistable do not meet the limits of 780CMR 1304.2, Prescriptive Building Envelope Criteria, or 780
CMR 1305, Building Envelope Trade-Off Option, and may be used only when demonstrating compliance using 780CMR
1309, Building Design by Systems Analysis.

® Glass block assemblies with mortar but without reinforcing or framing shall have a default value of 0.60.

¢ Presence of low-e coating must be certified in writing by the manufacturer.
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Table 1301.9.3.1b such coating is certified in writing by the
U-value Default Table for Doors manufacturer.
Door Type
Opaque 0.70 1301.9.3.3 Visble Light Transmittance:
Glass 0.92 When 780CMR 13045 is used with
Air Lock Entry 0.50 daylighting credit, visible light transmittance
Revolving 0.50 shall be determined in accordance with NFRC
Overhesd 145 200. Visble light transmittance shall be
_ o determined by an independent laboratory
1301.9.3.2 Solar Heat Gain Coefficient: accredited by a nationaly recognized
Solar heat gain coefficient (SHGC) for the accreditation organization and shall be certified
overall fenestration area shall be determined in by the manufacturer.
accordance with NFRC 200. Solar heat gain
coefficient sl be determined by an Exception: If a manufacturer of windows,
independent  laboratory — accredited by a window systems, skylights, glazed or unglazed
nationally recognized accreditation organization door has not determined product Visible Light
and shall be certified by the manufacturer. Transmittance in accordance with 780 CMR
1301.9.3.3, compliance with the requirements
Exception: If a manufacturer of windows, of 780 CMR 13 shall be determined only by
window systems, skylights, glazed or unglazed assigning such products a default VLT in
door has not determined product Solar Heat accordance with Table 1301.9.3.2. Credit for
Gain Coefficient in accordance with 780 CMR low-e coating may be taken only if presence of
1301.9.3.2, compliance with the requirements such coating is certified in writing by the
of 780 CMR 13 shall be determined only by manufacturer.

assigning such products a default SHGC in
accordance with Table 1301.9.3.2. Credit for
low-e coating may be taken only if presence of
Table 1301.9.3.2
SHGC and VLT Default Tablefor Fenestration?®

Metal Frame Non-Meta Frame
Glass Type SHGC | VLT SHGC | VLT
Single Glazed
Clear 0.78 0.80 0.76 0.78
Tinted 0.67 0.61 0.65 0.59
Reflective 0.53 0.37 0.52 0.36
Double Glazed
Clear 0.68 0.72 0.66 0.70
Tinted 0.57 0.55 0.56 0.54
Reflective 0.46 0.32 0.45 0.31
Double Glazed L ow-e
Clear 0.64 0.68 0.63 0.66
Tinted 0.59 0.50 0.58 0.49
Reflective 0.46 0.32 0.45 0.31
Triple Glazed
Clear 0.61 0.66 0.60 0.64
Tinted N 42 n 22 N 41 n 22
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780 CMR 1302.0 DEFINITIONS

1302.1 M eaning: Unlessotherwise expresdy stated,
the following terms shall, for the purpose of
780 CMR Chapter 13, have the meaning indicated
below.

1302.2 Tense, Gender and Number: Words used
in the present tense include the future; words used in
the masculine gender include the feminine and neuter;
the singular number includesthe plural and the plural
the singular.

1302.3 Terms not Defined: Where terms are not
defined, they shall have their ordinarily accepted
meanings or such as the context may imply. Any
termsrelating to plumbing and electrical wiring shall
have their terms as defined by the Regulations of the
Commonwesalth of Massachusetts pertaining to
plumbing and electrical wiring.

Accessible (asApplied to Equipment): Admitting
close approach because not guarded by locked doors,
elevation or other effective means (see "Readily
accessible”).

Air Conditioning, Comfort: The process of
treating air so as to control simultaneously its
temperature, humidity, cleanliness, and distributionto
meet requirements of the conditioned space.

Air Transport Factor: The ratio of the rate of
useful sensible heat removal from the conditioned
spaceto the energy input to the supply and return fan
motor(s), expressed in consistent units and under the
designated operating conditions.

Automatic:  Self-acting, operating by its own
mechanism when actuated by some impersonal
influence, as, for example, a change in current
strength, pressure, temperature or mechanical
configuration (see "Manua").

Ballast: A device used in conjunction with an
electric-dischargelamp to cause the lamp to start and
operate under the proper circuit conditions of
voltage, current, wave form, electrode hest, etc.
Electronic Ballast: A ballast constructed using
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Boiler: An appliance designed to heat water or
generate steam (see "Packaged boiler".)

Building Area: The greatest horizontal area of a
building above grade within the outside surface of
exterior walls or within the outside surface of
exterior wall and the center line of fire walls.

Building Envelope: The elements of a building
which enclose conditioned spaces through which
thermal energy may be transferred to or from the
exterior or to or from unconditioned spaces or other
spaces exempted by the provisons of 780 CMR
1301.7.

Building Entrance: Any doorway, set of doors,
turnstiles, or other form of portal that is ordinarily
used to gain access to the building by its users and
occupants.

Building Grounds Lighting: Lighting provided
through abuilding's electrical service for parking lot,
Site, roadway, pedestrian pathway, loading dock, and
security applications.

Building Project: A building or group of buildings,
including on-site energy converson  or
electric-generating facilities, which utilize a single
submittal for a construction permit or are within the
boundary of acontiguous area under one ownership.

Coefficient of Performance (COP) - Heat Pump -
Heating: The ratio of the rate of heat delivered to
the rate of energy input, in consistent units, for a
complete heat pump system under designated
operating conditions.

Comfort: Thephysical conditionsrepresented inthe
area on a psychometric chart enclosing al those
conditions described in Figure 1 in ASHRAE 55, as
listed in Appendix A, as being comfortable.

Commercial Building: For purposes of energy
conservation, a commercial building is any building
other than a low-rise residential building, as defined
in 780 CMR J2.0.

Conditioned Floor Area: The horizontal projection
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Continuous Insulation (ci): Insulation that is
continuous across all structural memberswithout any
thermal bridges, excluding fasteners and service
openings. It isinstaled on the interior, exterior, or
integral to any opaque surface of the building
envelope.

Control Device: A specialized device used to
regulate the operation of equipment.

Dead Band: The temperature range in which no
heating or cooling is used.

Degree Day, Cooling (CDD): A unit, based upon
temperature difference and time, used in estimating
cooling energy consumption. For any one day, when
the mean temperature ismore than 657, there are as
many degree days as degrees Fahrenheit temperature
difference between the mean temperature for the day
and 657F. Annual Cooling Degree Days (CDD) are
the sum of the degree days over a calendar year.

Degree Day, Heating (HDD): A unit, based upon
temperature difference and time, used in estimating
fuel consumption and specifying nomina heating load
of a building in winter. For any one day, when the
mean temperature is less than 507F, there exists as
many degree days as there are Fahrenheit degrees
difference in temperature between the mean
temperature for the day and 507F. Annual Heating
Degree Days (HDD) are the sum of the degree days
over acaendar year.

Design Conditions:  Specified environmental
conditions, such as temperature and light intensity,
required to be produced and maintained by a system
and under which the system must operate.

Direct Digital Control (DDC): A type of control
where controlled and monitored analog or binary
data (e.g., temperature, contact closures) are
converted to digital format for manipulation and
calculations by adigital computer or microprocessor,
then converted back to analog or binary form to
control physical devices.

Distribution System: Conveying means, such as
ducts, pipes, and wires, to bring substances or energy

Non-swinging: Roll-up, diding, and all other
doorsthat are not swinging doors.

Swinging:  All operable opague panels with
hinges on one side and opaque revolving doors.

Door Area: Tota area of the door measured using
the rough opening and including the door slab and
the frame. (See "Fenestration area.")

Economizer, Air: A duct and damper arrangement
and automatic control system that together allows a
cooling system to supply outside air to reduce or
eliminate the need for mechanical cooling during mild
or cold weather.

Economizer, Water: A system by which the supply
air of a cooling system is cooled indirectly with
water that isitself cooled by heat or mass transfer to

the environment without the use of mechanical
cooling.

Efficiency: Performance at gpecified rating
conditions.

Efficiency, HVAC System: The ratio of useful
energy output (at the point of use) to the energy
input in consistent unitsfor adesignated time period,
expressed in percent.

Emergency Power System: A systemthat operates
in the event of primary system failure or provides
power to essential loads during power supply
outages.

Enclosed Space: A volume substantially surrounded
by solid surfaces such as walls, floors, roofs, and
openable devices such as doors and operable
windows.

Enclosure: The case or housing of an apparatus, or
the fence or walls surrounding an installation, to
prevent personnel from accidentally contacting
energized parts or protect equipment from physical
damage.

Energy: The capacity for doing work taking a
number of formswhich may be transformed from one
into another, such as thermal (heat), mechanical
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Energy, Recovered: (See"Recovered energy.”)

Exfiltration: The uncontrolled outward air leakage
through cracks and intersticesin any building element
and around windows and doors of a building caused
by the pressure effects of wind and/or the effect of
differences in the indoor and outdoor air density.

Existing Buildings: For purposes of energy
conservation, and existing building which has been
legally occupied and/or used for a period of at least
five years. (Also see 780 CMR 2.0 and 780 CMR
3400.3.1.)

Exterior Lighting Power Allowance:
"Lighting power allowance.")

(See

Facade Area, Vertical: Area of the facade,
including nonhorizontal roof area, overhangs, and
cornices, measured in elevation in a vertica plane
parallel to the plane of the face of the building.

F-factor: The perimeter heat loss factor for
dab-on-grade floors, expressed in Btu/h* ft* 7F.

Fan System Energy Demand (or Fan System
power): The sum of the nominal power demand
(nameplate horsepower ) of motors of al fans that
arerequired to operate at design conditionsto supply
air from the heating or cooling source to the
conditioned space(s) and return it to the source or
exhaust it to the outdoors.

Fenestration: All areas (including the frames) inthe
building envelopethat let in light, including windows,
plastic panels, clerestories, skylights, glassdoorsthat
are more than one-half glass, and glass block walls.
(See Building envelope and Door.)
Skylight: A fenestration surface having aslope of
less than 60? from the horizontal plane. Other
fenestration, even if mounted on the roof of a
building, is considered vertical fenestration.
Vertical Fenestration: All fenestration other than
skylights.

Fenestration Area: Total area of the fenestration
measured using the rough opening and including the
glazing, sash, and frame. For doorswherethe glazed
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provides for connection to the power supply, which
may require the use of a ballast.

Floor: That lower portion of the building envelope,
including opague area and fenestration, that has
conditioned or semiheated space above and is
horizontal or tilted at an angle of lessthan 60 degrees
from horizontal but excluding dab-on-grade floors.
For the purposes of determining building envelope
requirements, the classifications are defined as
follows:
Mass Floor: A floor with a heat capacity that
exceeds (1) seven Btu/ft** oF or (2) five Btu/ft™* oF
provided that the floor has a material unit weight
not greater than 120 Ib/ft>.
Steel Joist Floor: A floor that (1) is not a mass
floor and (2) which has steel joist members
supported by structural members.
Wood Framed and Other Floors. All other floor
types, including wood joist floors.
(See "Building envelope”, "Fenestration”, "Opague
area’, and "Slab-on-grade floor.")

Floor Area, Gross. The sum of the floor areas of
the spaces within the building including basements,
mezzanine and intermediate-floored tiers, and
penthouses with headroom height of 7.5 ft (2.3 m) or
greater. It is measured from the exterior faces of
exterior walls or from the centerline of walls
separating  buildings, but excluding covered
walkways, open roofed-over areas, porches and
similar spaces, pipe trenches, exterior terraces or
steps, chimneys, roof overhangs, and similar features.

GrossBuilding Envelope Floor Area: Thegross

floor area of the building envelope, but excluding

dab-on-grade floors.

Gross Conditioned Floor Area: Thegrossfloor

area of conditioned spaces.

GrossLighted Floor Area: Thegrossfloor area

of lighted spaces.

Gross Semiheated Floor Area: The gross floor

area of semiheated spaces.
(See "Building envelope”, "Floor", "Slab-on-grade
floor," and "Space.")

Flue Damper: A device in the flue outlet or in the
inlet of or upstream of the draft control device of an
individual, automatically operated, fossl fuel-fired
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Footcandle (fc): The illuminance on a surface one
ft? in area on which there is a uniformly distributed
flux of one Im, or the illuminance produced on a
surface all points of which are at a distance of one ft
from a directionally uniform point source of 1 cd.
(For Sl users, one footcandle equals 10.76 lux.)

Furnace, Duct: A furnace normally installed in
distribution ducts of air conditioning systems to
supply warm air for heating and which depends on a
blower not furnished as part of the duct furnace for
air circulation.

Furnace, Warm Air: A sdf-contained,
indirect-fired or electricaly heated furnace that
supplies heated air through ducts to spaces that
requireit.

Glazed Wall System: A category of site assembled
fenestration products used in the NFRC 100 and
NFRC 200 rating procedures which includes, but is
not limited to, curtainwalls and solariums.

Grade: The finished ground level adjoining a
building at all exterior walls.

Glazing Area: Interior surface area of al glazed
surfaces (such as windows, diding glass doors,
skylights, etc.), sash, curbing, jambs, or other framing
elements that enclose conditioned spaces.

Gross Area of Exterior Wallss The normal
projection of the building envelope wall area
bounding interior space which is conditioned by an
energy-using system including opague wall, window
and door area.

The gross area of exterior walls consists of all
opaque wall areas, including between floor spandrels,
peripheral edges of floors, roof and basement knee
walls, walls enclosing a mansard roof, window areas
including sash, and door areas when such surfaces
are exposed to outdoor air, unconditioned spaces, or
mechanically cooled space, including interstitial areas
between two such spaces. For each basement wall
that encloses heated space, if the average
below-grade area is less than 50% of the total area
for that wall, including openings, the entire wall,
including the below-grade portionisincluded as part

exterior faces of exterior wallsor fromthe center line
of walls separating buildings, but excluding:
1. covered wakways, open roofed-over areas,
porches and similar spaces.
2. pipe trenches, exterior terraces or steps,
chimneys, roof overhangs and similar features.

Group R Residential Buildings: For the purpose
of Appendix J, Group R residential buildingsinclude:
1. detached one and two family dwellings (use
groups R-4 and R-5in 780 CMR 310); and,
2. adl other residential buildings, three stories or
less in height (use groups r-1, r-2, r-3, r-5 in
780 CMR 310).

Heat: The form of energy that is transferred by
virtue of atemperature difference or achangein state
of amaterial.

Heated Space: Space within a building which is
provided with a positive heat supply. Spacewithina
basement with registers or heating devices designed
to supply heat to a basement space shall
automatically define that space as heated space.

Humidistat: An automatic control device used to
maintain humidity at a fixed or adjustable set point.
HVAC: Heating, ventilating, and air conditioning.

HVAC System: The equipment, distribution
network, and terminals that provide either
collectively or individually the processes of heating,
ventilating, or air conditioning to a building.

HVAC System Components. HVAC system com-
ponents provide, in one or more factory-assembled
packages, means for chilling and/or heating water
with controlled temperature for delivery to terminal
units serving the conditioned spaces of the building.
Types of HVAC system componentsinclude, but are
not limited to, water chiller packages, reciprocating
condensing units and water source (hydronic) heat
pumps (See "HV AC system equipment™).

HVAC System Efficiency: (See"Efficiency, HVAC
system.")

HVAC System Equipment: HVAC system
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used together. The equipment may provide the
heating function as a heat pump or by the use of
electric or fossil-fuel-fired elements. (The word
"equipment” used without modifying adjective may,
in accordance with common industry usage, apply
either to HVAC system equipment or HVAC system
components.)

Indirectly Conditioned Space: (See"Space.")

Infiltration: The uncontrolled inward air leakage
through cracks and intersticesin any building element
and around windows and doors of a building caused
by the pressure effects of wind and/or the effect of
differences in the indoor and outdoor air density.

Installed Interior Lighting Power: The power in
watts of all permanently-installed general, task, and
furniture lighting systems and luminaires asindicated
on plans and specifications.

Integrated Part-load Value (IPLV): A single
number figure of merit based on part-load EER or
COP expressng part-load efficiency for
air-conditioning and heat pump equipment on the
basis of weighted operation at various load capacities
for the equipment.

Interior Lighting Power Allowance:
"Lighting power allowance.")

(See

| solation Devices. Devicesthat isolate HVAC zones
so that they can be operated independently of one
another. Isolation devicesinclude, but are not limited
to, separate systems, isolation dampers, and controls
providing shutoff at terminal boxes.

Lighting Power Allowance:
Interior Lighting Power Allowance: The
maximum lighting power in watts allowed for the
interior of a building.
Exterior Lighting Power Allowance: The
maximum lighting power in watts allowed for the
exterior of abuilding.

Lighting Power Density (LPD): The maximum
lighting power per unit area of a building
classification of space function.
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Luminaire: A completelighting unit consisting of a
lamp or lampstogether with the housing designed to
distribute the light, position and protect the lamps,
and connect the lamps to the power supply.

Manufacturer: The company engaged in the
original production and assembly of products or
equipment or a company that purchases such
products and equipment manufactured in accordance
with company specifications.

Manual: Capable of being operated by persond
intervention (See "Automatic.")

Multi-family dwelling: A building containing three
or more dwelling units.

Net Area of Exterior Walls: The gross area of
exterior walls, minusthetotal rough opening area of
al windows and doors set in the exterior walls.

Nondepletable Ener gy Sources. Sourcesof energy
(excluding minerals and solid fuels) derived from
incoming solar radiation, including natural
daylighting and photosynthetic processes, from
phenomena resulting therefrom, including wind,
waves and tides, lake or pond thermal differences;
and from the internal heat of the earth, including
nocturnal thermal exchanges.

Nonrecirculating System: A domestic or service
hot water distribution system that is not a
recirculating system.

Occupant Sensor: A device that detects the
presence or absence of people within an area and
causes lighting, equipment, or appliances to be
regulated accordingly.

Opaque Areas. All exposed areas of a building
envelope which enclose conditioned space, except
openings for windows, skylights, doors and building
service systems,

Outdoor Air: Air taken from the outdoors, (i.e. -
not previoudly circulated throughthe HVAC system.)

Packaged Boiler: A boiler that is shipped complete
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Pool: A body of non-potable water contained in a
human-made structure intended and large enough for
substantial immersion of one or more people. The
term includes but is not limited to swimming pool,
whirlpool, spa, hot tub.

Positive Heat Supply: Heat deliberately supplied to
a space by design, such as a supply register, radiator
or heating element. Also, heat indirectly supplied to
agpace through uninsulated surfaces of service water
heaters and space heating components, such as
furnaces, boilers and heating and cooling distribution
systems which continually maintain air temperature
within the space of 507F. or higher during normal
operation.

Projection Factor (PF): Theratio of the horizontal
depth of the externa shading projection divided by
the sum of the height of the fenestration and the
distance from the top of the fenestration to the
bottom of the farthest point of the external shading
projection, in consistent units.

Proposed Design: A description of the proposed
building design used to estimate annual energy costs
for determining compliance based on 780 CMR
1309.

Rated R-value of Insulation: The thermd
resistance of the insulation alone as specified by the
manufacturer according to recognized trade and
engineering standards in units of h*ft2* HBtu at a
mean temperature of 757F. Rated R-value refersto
the thermal resistance of the added insulation in
framing cavities or insulated sheathing only and does
not include the thermal resistance of other building
materias or arr films. (See "Thermal resistance.”)

Readily Accessible: Capable of being reached
quickly for operation, renewa or inspections,
without requiring those to whom ready access is
requisite to climb over or remove obstacles or to
resort to portable ladders or access equipment (see
"Accessible.")

Recooling: Theremoval of heat by sensible cooling
of the supply air (directly or indirectly) that has been
previoudy heated above the temperatureto which the

Reheat: The application of sensible heat to supply
air that has been previoudy cooled below the
temperature of the conditioned space by either
mechanical refrigeration or the introduction of
outdoor air to provide cooling.

Reset: Adjustment of the set point of a control
instrument to a higher or lower value automatically
or manually to conserve energy.

Roof Assembly: A roof assembly shal be
considered as all components of the roof/ceiling
envelope through which heat flows, thus creating a
building transmission heat loss or gain, where such
assembly is exposed to outdoor air and encloses a
heated or mechanically cooled space.

The gross area of a roof assembly consists of the
total interior surface of such assembly, including
skylights exposed to the heated or mechanically
cooled space.

Room Cavity Ratio (RCR): A factor that
characterizes room configuration as aratio between
the walls and ceiling and is based upon room
dimensions.

Sequence: A consecutive series of operations.

Service Systems. All energy-using systems in a
building that are operated to provide servicesfor the
occupants or processes housed therein, including
HVAC, service water heating, illumination,
transportation, cooking or food preparation,
laundering and similar functions.

Service Water Heating: Supply of hot water for
purposes other than space heating.

Setback: Reduction of heating (by reducing the set
point) or cooling (by increasing the setpoint) during
hours when a building is unoccupied or during
periods when lesser demand is acceptable.

Shading Coefficient (SC): Theratio of solar heat
gain a norma incidence through glazing to that
occurring through ? in. (three mm) thick clear,
double-strength glass. Shading coefficient, as used
herein, does not include interior, exterior, or integral
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Solar Energy Source: Source of natural daylighting
and of thermal, chemical or electrical energy derived
directly from conversion of incident solar radiation.

Solar Heat Gain Coefficient (SHGC): Theratio of
the solar heat gain entering the space through the
fenestration area to the incident solar radiation.
Solar heat gain includes directly transmitted solar
heat and absorbed solar radiation, which is then
reradiated, conducted, or convected into the space.
(See fenestration area.)

Standard Design: A version of the proposed design
that meets the minimum requirements of 780 CMR
1300 and is used to determine the annual energy
usage for determining compliance based on
780 CMR 13009.

System: A combination of central or terminal
equipment or components and/or controls,
accessories, interconnecting means, and terminal
devices by which energy is transformed so as to
perform a specific function, such as HVAC, service
water heating or illumination.

Thermal Conductance (C): Timerate of heat flow
through abody (frequently per unit area) from one of
its bounding surfaces to the other for a unit
temperature difference between the two surfaces,
under steady conditions (Btu/h* ft* 2* 7).

Thermal Resistance (R): Thereciprocal of thermal
conductance (h* ft* 2* 7F/Btu).

Thermal Resistance, Overall (Ro): Thereciprocal
of overall thermal conductance (h*ft*2*7F /Btu)
[(m2.k)/W]. The overall thermal resistance of the
gross area or individua component of the exterior
building envelope (roof/ceiling, exterior wall, floor,
crawl space wall, foundation, window, skylight,
door, or opague wall, etc.) which includes the
weighted R-values of the component assemblies
(such as air-film, insulation, drywall, framing,
glazing, etc.).

Thermal Transmittance (U): The coefficient of
heat transmission (air to air). It isthe time rate of
heat flow per unit area and unit temperature

ENERGY CONSERVATION

exterior building envelope (Btu/ h*ft*2* ) TheUo

value applies to the combined effect of thetimerate
of heat flow through the various parallel paths, such
as windows, doors and opague construction areas,
comprising the gross area of one or more exterior
building components, such as walls, floors or
roof/ceilings.

Thermostat: Anautomatic control device actuated
by temperature and designed to be responsive to
temperature.

Thermostatic Control: Anautomatic control device
or system used to maintain temperature at afixed or
adjustable set point.

Transformer: A piece of electrical equipment used
to convert electric power from one voltage to
another voltage.
Dry-type Transformer: A transformer in which
the core and coils are in a gaseous or dry
compound.
Liquid-immersed Transformer: A transformer
in which the core and coils are immersed in an
insulating liquid.

Unitary Cooling and Heating Equipment: Oneor
more factory-made assemblies which include an
evaporator or cooling coil, a compressor and
condenser combination, and may include a heating
function as well.  When heating and cooling
equipment is provided in more than one assembly, the
separate assemblies shall be designed to be used
together.

Unitary Heat Pump: One or more factory-made
assemblieswhich include anindoor conditioning coll,
compressor(s) and outdoor coil or
refrigerant-to-water heat exchanger, including means
to provide both heating and cooling functions. When
heat pump equipment is provided in more than one
assembly, the separate assemblies shall be designed to
be used together.

Variable Air Volume (VAV) Syssem: HVAC
systemthat controlsthe dry-bulb temperature within
a space by varying the volumetric flow of heated or
cooled supply air to the space.
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Ventilation: The process of supplying or removing
air by natural or mechanical means to or from any
gpace. Such air may or may not have been
conditioned.

Ventilation Air: That portion of supply air which
comes from outside (outdoors) plus any recirculated
air that has been treated to maintain the desired
quality of air within adesignated space. (See BOCA
Mechanical Code, aslisted in Appendix A, 780 CMR
J3, and definition of "Outdoor air.")

Voltage Drop: A decrease in voltage caused by
lossesin the lines connecting the power sourceto the
load.

Wall: That portion of the building envelope,
including opague area and fenestration, that is
vertical or tilted at an angle of 60?from horizontal or
greater. Thisincludesabove- and below-grade walls,
between floor spandrels, peripheral edges of floors,
and foundation walls. For the purposes of
determining building envelope requirements, the
classifications are defined as follows:
Above-grade Wall: A wall that is not a
below-grade wall.
Below-grade Wall: That portion of awall inthe
building envelope that is entirely below the finish
grade and in contact with the ground.
Metal Building Wall: a wall whose structure
consistsof metal spanning members supported by
steel structural members (i.e., does not include
gpandrel glass or metal panels in curtain wall
systems).
Steel Framed Wall: A wall with a cavity
(insulated or otherwise) whose exterior surfaces
are separated by sted framing members (i.e.,
typical stedl stud wallsand curtain wall systems).
Wood Framed and Other Walls: All other wall
types, including wood stud walls.

Wall Area, Gross. The area of the wall measured
on the exterior face from the top of the floor to the
bottom of the roof.

Water Heater: Closed vessal in which water is
heated by the combustion of fuels, electricity, or any
other source and iswithdrawn for use external to the

780 CMR 1303.0
DESIGN CONDITIONS

1303.1 Scope: 780 CMR 1303.0 applies to Al
buildings.

1303.2 General: The criteria of 780 CMR 1303.0
establishes the minimum requirementsfor the thermal
design of the exterior envelope of buildings and for
HVAC systems and equipment.

1303.3 Design Parameters. The design parameters
listed in Tables 1303.1 and 1303.2 shall be used for
calculations required under 780 CMR 13.

1303.3.1 Interior Design Conditions: Indoor
design temperature and relative humidity shall be
determined in accordance with ASHRAE Standard
55-92 listed in Appendix A, and shall be selected
for minimum total HVAC system energy use in
accordance with accepted practice.

Exception: Buildings or portions of buildings
which require different temperatures and humidity,
such as, but not limited to, hospitals, laboratories,
museums, art galleries, supermarkets, thermally
senditive equipment rooms, archival storage
facilities, and facilities for the elderly, may require
the use of aternative indoor design conditions.
Any such use of adternative indoor design
conditions shall be documented by a licensed
professional.

1303.4 Ventilation: Ventilation air shall conformto
the requirements specified in 780 CMR 2801.0.

Table 1303.1
CLIMATE ZONE BY COUNTY

Climate

County Zone#

Barnstable 12a

Berkshire 1l4a

Bristol 12a

Dukes 12a

Essex 13a
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Worcester 14a
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Table 1303.2
CLIMATE ZONE THERMAL
DESIGN CRITERIA

Climate Zone# | 12a | 13a 14a

Heating Degrees () 9 7 -1
Winter

Cooling Degrees (7F) 86 87 86
Dry Bulb

Summer

Cooling Degrees (7F) 74 74 73
Wet Bulb
Summer

Heating Degree Days | 5884 | 5641 | 6894
Base 65
Heating Degree Days | 2553 | 2399 | 3448
Base 50
Cooling Degree Days | 606 | 678 | 507
Base 65
Cooling Degree Days | 2743 | 2897 | 2525
Base 50
Cooling Degree Hours | 939 | 1299 | 409
Base 80

780 CMR 1304.0 BUILDING ENVELOPE
REQUIREMENTSFOR COMMERCIAL
AND HIGH RISE RESIDENTIAL
BUILDINGS.

1304.1 General: Walls, roof assemblies, floors,
glazing, and floor dabswhich are part of the building
envelope shall meet the requirements of 780 CMR
1304.1, 1304.3, 1304.4 and either:
1. 780CMR 1304.2, Prescriptive Building
Envelope Criteria, provided that:
a. the building is less than four stories in
height above grade;
b. the vertical fenestration area does not
exceed 50% of the gross wall area for each
space conditioning category; and,
c. the skylight fenestration area does not
exceed 3% of the gross roof area for each
Space-conditioning category; or,
2. 780CMR 1304.5, Building Envelope
Trade-off Option.

1304.1.1 Classification of Walls: Walls

1304.1.1.2 Below-grade Walls: Below-grade
walls covered by 780 CMR 1304.2.9 are
basement or first-story walls associated with the
exterior of the building that are at least 85%
below grade.

1304.1.1.3 Interior Walls. Interior walls
covered by 780 CMR 1304.2.10 arethose walls
not on the exterior of the building and that
separate conditioned and unconditioned space.

1304.1.2 Moisture Control: The design of
buildings for energy conservation shall not create
conditions of accelerated deterioration from
moisture condensation.

A vapor barrier having amaximum permeability
of zero point one (0.1) perm or less (equivalent to
a4 mil polyethylene sheet) shall beinstalled onthe
winter warm side of walls, ceilings and floors
enclosing a conditioned space.  Batt/blanket
insulation with a vapor barrier attached shall be
attached to the winter warm sides or faces of wall
studs, sole plates, top plates, lintels and headers at
intervals of eight inches on center to prevent
convection loops through the insulation. Where
batt/blanket insulation is of a "friction fit" design
and a sheet vapor barrier is employed, the vapor
barrier shall be affixed to the interior face of the
wall studs, sole plates, top plates, lintels and
headers winter warm side in accordance with the
vapor barrier manufacturer's recommendations. All
joints, holes, imperfections and penetrations of the
vapor barrier shall be taped tight with a vapor
barrier tape recommended by the vapor barrier
manufacturer.

All other envelope building materials and
finishes installed towards the cooler, exterior side
of the wall shall have water vapor permeability at
least ten times greater than the interior vapor
barrier material.

Exception 1: Materials to the exterior of a
ventilated rainscreen cavity may have any
permeability.

Exception 2: Envelope systemsthat maintain the
temperature of potential condensing surfaces
(typicaly the interface of exterior sheathing with
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moisture content the materials would achieve
when exposed to relative humidity of 80%. For
calculation purposes use Chapter 22 in 1997
ASHRAE Fundamentals Handbook,
"Mathematical Models'. Assume interior air
temperature and humidity specified in 780 CMR
1303.3.

ENERGY CONSERVATION
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Buildings with unusua interior design
conditions (such as continualy refrigerated
buildings, ice rinks, cold storage) shal
demonstrate compliance by the method in
Exception 3.

1304.2 Prescriptive Building Envelope Criteria:
The building envelope components shall meet each of
the applicable requirements in Tables 1304.2.1-12,
based on the climate zone and the percentage of wall
that isglazed. The climate zone shall be determined
based on the county in accordance with 780 CMR
1302, Tables 1302.1 and 1302.2. The percentage of
wall that is glazed shall be determined by dividing the
aggregate area of rough openings or unit dimensions
for fenestration (windows and glazed doors) in al the
above grade walls associated with the building
envelope by the total gross area of all above grade
exterior walls that are part of the building envelope.
In buildings with multiple types of building envelope
construction, each building envelope construction
type shall be evaluated separately.

1304.2.1 Above Grade Walls: The minimum
thermal resistance (R-value) of the insulating
materia installed in the wall cavity between the
framing members and continuoudly on the walls
shall be as specified in Tables 1304.2.1-12 based
on framing type and construction materialsused in
the wall assembly. Where both cavity and con-
tinuous insulation values are provided in Tables
1304.2.1-12, both requirements shall be met.
Masonry walls shall be considered "framed walls'
when weighing less than 35 psf of wall area

1304.2.2 Non-glazed Doors. The minimum
thermal resistance (R-value) of non-glazed doors,
excluding air films, shall be as follows. opague
doors R- 0.7; overhead doors R- 1.45; air-lock
entry door R- 0.5; and revolving door R- 0.5.
When thetotal area of non-glazed doorsisgreater
than 5% of the total opaque wall area, the area of
non-glazed doors above 5% shall be insulated as
an opaque wall or an adjustment shall be made in
the thermal resistance of the wall to address any
thermal deficiency created by the doors.

1304.2.3 Windows and Glass Doors: The

Where:

PF = Projection factor (decimal).
A = Distance measured horizontally from the
extremity of any overhang, eave, or permanently
attached shading device to the vertical surface of
the glazing.
B = Distance measured vertically from the bottom
of the glazing to the underside of the overhang,
eave, or permanently attached shading device.
Where different windows or glass doors have
different PF values they shall each be evaluated
separately or an area weighted PF value shall be
calculated and used for all windows and glass
doors.

1304.2.4 Roof Assembly: The minimum thermal
resistance (R-value) of the insulating material
installed either between the roof framing or
continuously on the roof assembly shall be as
gpecified in Tables 1304.2.1-12 based on
construction materials used in the roof assembly.

1304.2.5 Skylights: Skylights located in the
building envelope shall be limited to 3% of the
gross roof assembly area and shal have a
maximum thermal transmittance (U-value) of the

skylight assembly as specified in  Tables
1304.2.1-12.
1304.26  Floors Over Outdoor Air or

Unconditioned Space: The minimum thermal
resistance (R-value) of the insulating material
installed either between the floor framing or
continuously on the floor assembly shall be as
gpecified in Tables 1304.2.1-12 based on
construction materials used in the floor assembly.

1304.2.7 Slabson Grade: The minimum thermal
resistance (R-value) of the insulation around the
perimeter of the slab floor on grade shall be R-5.
Theinsulation shall be placed on the outside of the
foundation or on the inside of a foundation wall.
Insulation on the outside of the foundation wall
shall extend downward from the top of the dab for
aminimum of 48 in. Insulation on the inside of the
foundation wall shall extend downward to at least
the bottom of the dab and then horizontally for a
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Exception: For a monolithic dab on grade floor,
the insulation shall extend from the top of the dab
on grade to the bottom of the footing. Continuous
under-dab insulation shall be provided per
1304.2.8.

1304.2.8 Slabs Below Grade: The entire area of
afloor dab whichis below grade and isin contact
with the ground shall beinsulated with aminimum
of R-5 rigid insulation in the following buildings:
buildings of use group E, including daycare;
buildings of usegroupsR-1, R-2, I-1and I-2, and,
college and university buildings of B and A use
groups.

1304.2.9 Below Grade Walls. The minimum
thermal resistance of the insulating meaterial
installed in, or continuously on, the below grade

ENERGY CONSERVATION

walls shall be R-5, and shall extend fromthe top of
the wall to a depth of ten ft. below the outside
finish ground level, or to the depth of the bottom
of the floor dab, whichever is greater.

1304.2.10 Interior Walls: The minimum thermal
resistance (R-value) of the insulating material
installed in the wall cavity or continuously on the
interior walls separating conditioned space from
unconditioned space shall be as specified in Tables
1304.2.1, 1304.2.5, and 1304.2.9 for above grade
walls, regardless of glazing area, based on framing
type and construction materials used in the wall
assembly.

TABLE 1304.2.1
BUILDING ENVELOPE REQUIREMENTS
Climate Zone 12a

Glazing Area 10% or less of Above Grade Wall Area

Continuous Insulation Metal Framing
Above-Grade Walls: (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing

Framed or Masonry < 35 psf. R-7 R-11+ R-3c.i. R-11
Masonry ? 35 psf. R-5 R-11+ R-3c.i. R-11
Window Assemblies: SHGC (maximum) U-Value (maximum)

PF < 0.25 Any Any

0.257? PF<0.50 Any Any

PF 2 0.50 Any Any

Skylights - U-Value (maximum) X 0.8

Roof Assemblies: (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-19 R-16
Non-wood Joist/Truss R-25 R-17
Concrete Slab or Deck NA R-16
Metal Purlin with Thermal Break R-25 R-17
Meta Purlin w/o Thermal Break X R-17

Floor Assemblies: (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss

R-19

R-16

Non-wood Joist/Truss

R-19

R-16

A~ i /S~
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TABLE 1304.2.2

Climate Zone 12a

BUILDING ENVELOPE REQUIREMENTS

Glazing Area Over 10% but not greater than 25% of Above Grade Wall Area

Continuous I nsulation

Metal Framing

Above-Grade Walls: (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing
Framed or Masonry < 35 psf. R-7 R-11 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.6 0.6
0.25? PF<0.50 0.7 0.6
PF?0.50 Any 0.6
Skylights - U-Value (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-25 R-19
Non-wood Joist/Truss R-25 R-20
Concrete Slab or Deck NA R-19
Metal Purlin with Thermal Break R-30 R-20
Metal Purlin w/o Thermal Break X R-20

Floor Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

Slab, Perimeter, Below-Grade Wall

R-5

All-Wood Joist/Truss R-19 R-16
Non-wood Joist/Truss R-19 R-16
Concrete Slab or Deck NA R-16

TABLE 1304.2.3

Climate Zone 12a

BUILDING ENVELOPE REQUIREMENTS

Glazing Area Over 25% but not greater than 40% of Above Grade Wall Area

Continuous I nsulation

Metal Framing

Above-Grade Walls. (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing
Framed or Masonry < 35 psf. R-7 R-11 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.5 0.5
0.25? PF<0.50 0.6 0.5
PF?0.50 0.7 0.5
Skylights - U-Vaue (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

Al \AMAAA Tnict/ Triice
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Slab, Perimeter, Below-Grade Wall R-5 |

* For masonry walls, average R-value shall be calculated based on the assumption of isothermal planes, using methodology
in 1997 ASHRAE Fundamentals Handbook, Chapter 22.
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TABLE 1304.2.4

BUILDING ENVELOPE REQUIREMENTS
Climate Zone 12a

Glazing Area Over 40% but not greater than 50% of Above Grade Wall Area

Continuous Insulation Metal Framing
Above-Grade Walls: (or averageinsulation value)* (c.i. =continuousinsulation) | Wood Framing
Framed or Masonry < 35 psf. R-7 R-13 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.4 0.4
0.25? PF<0.50 0.5 0.4
PF?0.50 0.7 0.4
Skylights - U-Value (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-30 R-23
Non-wood Joist/Truss R-30 R-24
Concrete Slab or Deck NA R-23
Metal Purlin with Thermal Break R-30 R-24
Metal Purlin w/o Thermal Break R-38 R-24

Floor Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-19 R-16
Non-wood Joist/Truss R-19 R-16
Concrete Slab or Deck NA R-16
Slab, Perimeter, Below-Grade Wall R-5

TABLE 1304.2.5

BUILDING ENVELOPE REQUIREMENTS
Climate Zone 13a
Glazing Area 10% or less of Above Grade Wall Area
Continuous Insulation Metal Framing
Above-Grade Walls: (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing

Framed or Masonry < 35 psf. R-7 R-13 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 Any 0.7
0.25? PF<0.50 Any 0.7
PF?0.50 Any 0.7
Skylights - U-Vaue (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss

R-19

R-14

Non-wood Joist/Truss

R-19

R-15
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* For masonry walls, average R-value shall be calculated based on the assumption of isothermal planes, using methodology
in 1997 ASHRAE Fundamentals Handbook, Chapter 22.
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TABLE 1304.2.6

BUILDING ENVELOPE REQUIREMENTS

Climate Zone 13a

Glazing Area Over 10% but not greater than 25% of Above Grade Wall Area

Continuous I nsulation

Metal Framing

Above-Grade Walls: (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing
Framed or Masonry < 35 psf. R-7 R-13 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.6 0.6
0.25? PF<0.50 0.7 0.6
PF?0.50 Any 0.6
Skylights - U-Vaue (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-25 R-19
Non-wood Joist/Truss R-25 R-20
Concrete Slab or Deck NA R-19
Metal Purlin with Thermal Break R-30 R-20
Metal Purlin w/o Thermal Break X R-20

Floor Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

Slab, Perimeter, Below-Grade Wall

All-Wood Joist/Truss R-19 R-16
Non-wood Joist/Truss R-25 R-17
Concrete Slab or Deck NA R-17

R-5

TABLE 1304.2.7

BUILDING ENVELOPE REQUIREMENTS

Climate Zone 13a

Glazing Area Over 25% but not greater than 40% of Above Grade Wall Area

Continuous I nsulation

Metal Framing

Above-Grade Walls: (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing
Framed or Masonry < 35 psf. R-7 R-13 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.5 0.5
0.25? PF<0.50 0.6 0.5
PF?0.50 0.7 0.5
Skylights - U-Vaue (maximum) X 0.8

Roof Assemblies: (either/or)

I nsulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss

R-30

R-23

Non-wood Joist/Triss

R-30

R-24
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* For masonry walls, average R-value shall be calculated based on the assumption of isothermal planes, using methodology in
1997 ASHRAE Fundamentals Handbook, Chapter 22.
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TABLE 1304.2.8

BUILDING ENVELOPE REQUIREMENTS

Climate Zone 13a

Glazing Area Over 40% but not greater than 50% of Above Grade Wall Area

Continuous I nsulation

Metal Framing

Above-Grade Walls: (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing
Framed or Masonry < 35 psf. R-7 R-13 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.4 0.4
0.25? PF<0.50 0.5 0.4
PF?0.50 0.7 0.4
Skylights - U-Vaue (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-30 R-23
Non-wood Joist/Truss R-30 R-24
Concrete Slab or Deck NA R-23
Metal Purlin with Thermal Break R-30 R-24
Metal Purlin w/o Thermal Break R-38 R-24

Floor Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

Slab, Perimeter, Below-Grade Wall

R-5

All-Wood Joist/Truss R-19 R-16
Non-wood Joist/Truss R-25 R-17
Concrete Slab or Deck NA R-17

TABLE 1304.2.9

BUILDING ENVELOPE REQUIREMENTS

Climate Zone 14a

Glazing Area 10% or less of Above Grade Wall Area

Continuous I nsulation

Metal Framing

Above-Grade Walls: (or averageinsulation value)* | (c.i. = continuousinsulation) | Wood Framing
Framed or Masonry < 35 psf. R-7 R-11 + R-3 c.i. R-11
Masonry ? 35 psf. R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF<0.25 Any 0.7
0.25? PF<0.50 Any 0.7
PF?0.50 Any 0.7
Skylights - U-Value (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss

R-19

R-17

Non-wood Joist/Truss

R-25

R-18
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* For masonry walls, average R-value shall be calculated based on the assumption of isothermal planes, using methodology in
1997 ASHRAE Fundamentals Handbook, Chapter 22.
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BUILDING ENVELOPE REQUIREMENTS

TABLE 1304.2.10

Climate Zone 14a

Glazing Area Over 10% but not greater than 25% of Above Grade Wall Area

Above-Grade Walls:

Continuous Insulation
(or averageinsulation value)*

Metal Framing
(c.i. =continuousinsulation) | Wood Framing

Framed or Masonry < 35 psf.

R-7 R-13 + R-3 c.i. R-11

Masonry ? 35 psf.

R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.5 0.6
0.25? PF<0.50 0.6 0.6
PF?0.50 0.7 0.6
Skylights - U-Vaue (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-25 R-19
Non-wood Joist/Truss R-25 R-20
Concrete Slab or Deck NA R-19
Metal Purlin with Thermal Break R-30 R-20
Metal Purlin w/o Thermal Break X R-20

Floor Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

Slab, Perimeter, Below-Grade Wall

R-5

All-Wood Joist/Truss R-25 R-18
Non-wood Joist/Truss R-25 R-19
Concrete Slab or Deck NA R-19

TABLE 1304.2.11

BUILDING ENVELOPE REQUIREMENTS

Climate Zone 14a

Glazing Area Over 25% but not greater than 40% of Above Grade Wall Area

Above-Grade Walls:

Continuous Insulation
(or averageinsulation value)*

Metal Framing
(c.i. = continuousinsulation) | Wood Framing

Framed or Masonry < 35 psf.

R-7 R-13 + R-3 c.i. R-11

Masonry ? 35 psf.

R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.4 0.5
0.25? PF<0.50 0.5 0.5
PF?0.50 0.6 0.5
Skylights - U-Value (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss

R-30

R-23

Non-wood Joist/Truss

R-30

R-24
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* For masonry walls, average R-value shall be calculated based on the assumption of isothermal planes, using methodology in
1997 ASHRAE Fundamentals Handbook, Chapter 22.
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BUILDING ENVELOPE REQUIREMENTS

TABLE 1304.2.12

Climate Zone 14a

Glazing Area Over 40% but not greater than 50% of Above Grade Wall Area

Above-Grade Walls:

Continuous Insulation
(or averageinsulation value)*

Metal Framing
(c.i. =continuousinsulation) | Wood Framing

Framed or Masonry < 35 psf.

R-7 R-13 + R-3 c.i. R-11

Masonry ? 35 psf.

R-5 R-11 + R-3 c.i. R-11

Window Assemblies:

SHGC (maximum)

U-Value (maximum)

PF < 0.25 0.4 0.4
0.25? PF<0.50 0.5 0.4
PF?0.50 0.6 0.4
Skylights - U-Vaue (maximum) X 0.8

Roof Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

All-Wood Joist/Truss R-30 R-23
Non-wood Joist/Truss R-30 R-24
Concrete Slab or Deck NA R-23
Metal Purlin with Thermal Break R-38 R-24
Metal Purlin w/o Thermal Break R-38 R-24

Floor Assemblies. (either/or)

Insulation Between Framing

Continuous I nsulation

Slab, Perimeter, Below-Grade Wall

R-5

All-Wood Joist/Truss R-25 R-18
Non-wood Joist/Truss R-25 R-19
Concrete Slab or Deck NA R-19

* For masonry walls, average R-value shall be calculated based on the assumption of isothermal planes, using
methodology in 1997 ASHRAE Fundamentals Handbook, Chapter 22.

1304.3 Air Leakage

5. Theair barrier shall bejoined in an air-tight

1304.3.1 Air Barriers. The building envelope
shal be designed and constructed with a
continuous air barrier to control air leakage into,
or out of the conditioned space. An air barrier
shall aso be provided for interior partitions
between conditioned space and space designed to
maintain temperature or humidity levels which
differ from those in the conditioned space by more
than 50% of the difference between the
conditioned space and design ambient conditions.
The ar barrier shal have the following
characteristics:

1. It must be continuous, with all joints made

PECTZR P 2N

and flexible manner to the air barrier material of
adjacent systems, alowing for the relative
movement of systems due to thermal and
moisture variationsand creep. Connection shall
be made between:

Foundation and walls.

Walls and windows or doors.

Different wall systems.

Wall and roof.

Wall and roof over unconditioned space.
. Walls, floor and roof across construction,
control and expansion joints.

g. Walls, floorsand roof to utility, pipe and
duct penetrations.
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cfmV/ft? for glazed swinging entrance doors and for
revolving doors, and 0.4 cfrvft® for all other
products under apressure differential of 0.3 inches
of water.
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Exceptions:

1. Field fabricated fenestration and doors that
are weather-stripped.

2. For garagedoors, air leakage determined by
test at standard test conditions in accordance
with NAGDM 105 shall be an acceptable
aternate for compliance with air leakage
requirements.

3. Until December 31, 1999, air leakage
determined by test at standard test conditionsin
accordance with ASTM E283 shall be an
acceptable dternate for compliance with air
leakage requirements. This exception shall
cease to exist on January 1, 2000.

1304.3.4 Stairwell and Elevator Lobby Doors:
Stairwell and elevator lobby doors shall meet the
requirements of 780 CMR 1304.3.3. Such doors
shall be equipped with weatherseals.

1304.3.5 Loading Dock Weatherseals. Cargo
doors and loading dock doors shall be equipped
with weatherseals to restrict infiltration when
vehicles are parked in the doorway.

1304.3.6 Vestibules: A door that separates
conditioned space from the exterior shall be
protected with an enclosed vestibule, with all
doors opening into and out of the vestibule
equipped with self-closing devices. Vestibules
shall be designed so that in passing through the
vestibule it is not necessary for the interior and
exterior doorsto open at the same time. Interior
and exterior doors shall have a minimum distance
between them of not less than seven ft (2.1 m)
when in the closed position.

Exceptions:

1. doorsnot intended to be used as abuilding
entrance door, such as doorsfor mechanical or
electrical equipment rooms,

2. doorsopening directly from adwelling unit;
3. doorsthat open directly from aspace less
than 2000 ft* (200 n?’) in area

4. revolving doors or doors adjacent to
revolving doors,

5. doors used primarily to facilitate vehicular
movement or material handling and adjacent

THE MASSACHUSETTS STATE BUILDING CODE

3. outside air intakes, exhaust outlets, relief
outlets, stair shaft, elevator shaft smoke relief
openings, and other similar elements.
Such dampers shall have aleakage no greater than
3cfnvftz at 1.0 in w.g. when tested in accordance
with AMCA Standard 500. They shall be set in
the closed position, and shall automatically open
upon:
1. the activation of any fire darm initiating
device of the building's fire alarm system,;
2. theinterruption of power to the damper.

1304.3.8 Recessed Lighting Fixtures: When
installed in the building envelope, recessed lighting
fixtures shal meet one of the following
requirements:
1. Type IC rated, manufactured with no
penetrations between the inside of the recessed
fixture and celling cavity and sealed or gasketed
to prevent air leakage into the unconditioned
space.
2. TypelCrated, inaccordancewith ASTM E
283 no more than 2.0 cfm air movement from
the conditioned space to the ceiling cavity. The
lighting fixture shall be tested at 75 Pa or 1.57
Ibs./ft.? pressure difference and shall be labeled.

1304.3.9 Envelope Gaps and Cavities. All gaps
and cavities between rough framing and door and
window heads, jambs, and slls shall be made
air-tight, filled with insulation and covered with a
vapor barrier meeting the criteria for vapor
barriers.

1304.4 Insulation General: Where insulation is
required in 780 CMR 1304.2 or 780 CMR 1304.5, it
shall also comply with 780 CMR 1304.4.1 through
1304.4.5.

1304.4.1 Insulation Installation: Insulation
materials shall be installed in accordance with
manufacturer's recommendations asto achieve and
maintain rated R-value of insulation.

Where continuouswall insulation isrequired in
780 CMR 1304.2 or 780CMR 1304.5 in multi-
story buildings, the insulation must be continuous
across floor structures.

Open-blown or poured loose-fill insulation shall
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insulation. Flexible batt insulation installed in floor
cavities shall be supported in a permanent manner
by supports no greater than 24 in. on center.



780 CMR: STATE BOARD OF BUILDING REGULATIONS AND STANDARDS
THE MASSACHUSETTS STATE BUILDING CODE

Batt insulation with integral vapor barrier shall
be attached to the winter warm sides or faces of
wall studs, sole plates, top plates, lintels and
headers at intervals of eight inches on center.
Where batt/blanket insulation is of a "friction fit"
design and a poly vapor barrier is employed, the
vapor barrier shall be affixed to the interior face of
the wall studs, sole plates, top plates, lintels and
headers (winter warm side) in accordance with the
insulation manufacturer's recommendations.

1304.4.3 Recessed Equipment:  Lighting
fixtures, heating, ventilating, and air-conditioning
equipment, including wall heaters, ducts, and
plenums;, and other equipment shal not be
recessed in such a manner to affect the insulation
thickness unless:
1. thetotal combined area affected (including
necessary clearances) islessthan one percent of
the opague area of the assembly, or
2. theentireroof, wall, or floor is covered with
insulation to the full depth required or
3. the effects of reduced insulation are included
in calculations using an area weighted average
method and compressed insulation values from
the ASHRAE 1997 Handbook  of
Fundamentals. In all cases, air leakage through
the recessed equipment to the conditioned
gpace shall be prevented.

1304.4.4 Location of Roof Insulation: Theroof
shall be insulated in alocation other than directly
on a suspended ceiling with removable ceiling
panels.

1304.45 Insulation Protection:  Exterior
insulation shall be covered with a protective
material to prevent damage from sunlight,
moisture, landscaping operations, equipment
maintenance, and wind. In attics and mechanical
rooms, a way to access equipment that prevents
damaging or compressing the insulation shall be
provided. Foundation vents shall not interfere with
the insulation.

Insulation materialsin ground contact shall have
awater absorption rate no greater than 0.3% when
tested in accordance with ASTM C272.

operation, lighting power, equipment power,
occupant density, and mechanical systems shall bethe
same for both the proposed building and the budget
building. Envelope performance factor shall be
calculated using computer programs accepted by the
Board of Building Regulations and Standards.

780 CMR 1305.0HEATING VENTILATION
AND AIR CONDITIONING

1305.1 General: 780 CMR 1305.0 coversthe design
and construction of mechanical systems and
equipment serving the building heating, cooling, or
ventilating needs.

1305.1.1 Compliance:. Compliance  with
780 CMR 1305.0 shall be achieved by meeting
either 780 CMR 1305.2 or 780 CMR 1305.3.

1305.2 Simple HVAC Systems and Equipment:

1305.2.1 Scope: 780 CMR 1305.2 applies to
buildings served by unitary or packaged air
conditioners or heat pumps, packaged terminal air
conditioners, and packaged furnaces each serving
one zone and controlled by a single thermostatic
control in the zone served. It also applies to
buildings served by packaged boilers and two-pipe
heating systems serving one or more zones.

780 CMR 1305.2 does not apply to non-unitary
or non-packaged HVAC equipment and systems
or to chiller systems.

780 CMR 1305.2 does not apply to buildingsin
which the outside air quantity capable of being
supplied by any individual fan system exceeds
3000 cfm or 70% of the total design supply air
quantity for the fan system.

1305.2.2 Calculation of Heating and Cooling
Loads: Design loads shall be determined in
accordance with the procedures described in
Chapters 25 and 26 of the ASHRAE 1997
Handbook of Fundamentals or an approved
equivalent computation procedure.

1305.2.2.1 Equipment and System Sizing:
Heating and cooling equipment and systems
capacity shall not exceed theloads calculated in
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shall meet the minimum efficiency requirements of
Tables 1305.3.3a, b, and d, when tested and rated
in accordance with the referenced test procedure.
The efficiency shall be verified through data
furnished by the manufacturer or through
certification under an approved certification
program. Where multiple rating conditions and/or

ENERGY CONSERVATION
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performance requirements are provided, the
equipment shall satisfy all stated requirements.

Other new equipment within the scope of
780 CMR 1305.2 is required to meet efficiency
standards administered by the federal government.
The efficiency of used equipment within the scope
of the federal standards shall be verified through
data furnished by the manufacturer.

Equipment not required to meet efficiency
standards administered by the federal government,
and not in Tables 1305.3.3a, b, and d may be used,
and have no minimum performance requirements.

1305.2.4 Temperatureand Humidity Controls

1305.24.1 Temperature Controls. Each
heating and cooling system shall have at least
one programmable thermostat. The thermostat
shall have the capability to setback or shut-
down the system based on day of the week and
time of day and a readily accessible manual
override that will return to the pre-setback or
shutdown schedule without reprogramming.
Thermostatic controls shall be capable of
providing a temperature range or dead band of
at least 5°F within which the supply of heating
and cooling energy to the zone is shut off or
reduced to a minimum.

Exception: Thermostats requiring manual
changeover between heating and cooling
modes.

Where heating and cooling to a zone are
controlled by separate zone thermostatic
controls located within the zone, means (such
as limit switches, mechanical stops, or, for
direct digital control (DDC) systems, software
programming) shall be provided to prevent the
heating set point from exceeding the cooling set
point minus any applicable proportional band.

Heat pumps having supplementary electric
resistance heat shall have controls that, except
during defrost, prevent supplemental heat
operation when the heat pump can meet the
heating load.

1305.2.4.2 Humidity Controls: When

building loads (including return  water
temperature) or by outside air temperature.

Exception: systems which vary water flow in
compliance with 780 CMR 1305.3.5.4.

Hydronic heating systems comprised of multiple
packaged boilers and designed to deliver
conditioned water or steam into a common
distribution system shall include automatic
controls capable of sequencing operation of the
boilers.

Hydronic heating systems comprised of asingle
boiler of greater than 500,000 Btu/h design
capacity shal include either a multi-staged or
modulating burner.

1305.2.6 Ventilation: Natural or mechanica
ventilation shall be provided in accordance with
the mechanical code listed in Appendix A. Any
mechanical ventilation system shall have the
capability to reduce the outdoor air supply to the
minimum required by the mechanical codelisted in
Appendix A.

1305.2.6.1 Distributed Fan Systems. Where
mechanical ventilation is provided by multiple
fan systems located in a plenum or other
enclosed space, outdoor air shal be ducted
directly to each individual fan system.

1305.2.6.2 Shutoff Dampers. Outdoor air
supply ducts and exhaust ducts associated with
the mechanical ventilation system shall be
provided with automatic means to reduce and
shutoff air flow.

Exception:

1. Systems serving areas designed for
continuous operation .

2. Individua systems with an outside air
intake or exhaust capacity of 300 cfmor less.
3. Systems with readily accessible manual
dampers.

1305.2.7 Economizers: Each system over 65,000
Btu/h cooling capacity shall have an economizer
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building exterior or unconditioned or exempt
spaces by aminimum R-5 insulation. Required R-
values are the "labeled" R-values for such ducts.

Exception:
1. When located within equipment.
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2. When the design temperature difference
between the interior and exterior of the duct or
plenum does not exceed 157%F.

3. Exhaust air ducts.

4. Outside air supply ducts located outside of
the building envelope.

All joints, longitudinal and transverse seams,
and connections in duct work, shall be securely
fastened and sedled with welds, gaskets, mastics
(adhesives), mastic-plus-embedded-fabric systems,
or tapes. Tapes and mastics used with rigid
fibrous glass ducts shall be listed and labeled in
accordance with UL 181A. Tapes and mastics
used with flexible air ducts shall be listed and
labeled in accordance with UL 181B. Duct tapeis
not permitted as a sealant on any metal ducts.

1305.2.9 Piping I nsulation: All low pressureside
refrigerant piping shall be insulated with % in. of
insulation, hot water piping for comfort
conditioning shall be insulated with one in. of
insulation, and steam system piping shall be
insulated with two in. of insulation. All insulation
shall have a conductivity not exceeding 0.27
Btu-in./hr-ft* 7F.

1305.3 Complex HVAC Systemsand Equipment:

1305.3.1 Scope: Thissection appliesto all HVAC
systems and equipment other than those covered in
780 CMR 1305.2.

1305.3.2 Calculation of Heating and Cooling
Loads: Design loads shall be determined in
accordance with the procedures described in
Chapters 25 and 26 of the ASHRAE 1997
Handbook of Fundamentals or an approved
equivalent computation procedure.

1305.3.2.1 Equipment and System Sizing:
Heating and cooling equipment and system
capacity shall not exceed theloads calculated in
accordance with 780 CMR 1305.3.2.

1305.3.3 HVAC Equipment Performance
Requirements. Equipment shall be newly
purchased or shal meet the minimum efficiency
requirements of Tables 1305.3.3a. through f.,
when tested and rated in accordance with the
referenced test procedure. The efficiency shall be
verified through data furnished by the
manufacturer or through an approved certification
program. Where multiple rating conditions and/or
performance requirements are provided, the
equipment shall satisfy all stated requirements.

Other new equipment within the scope of
780 CMR 1305.3.3 isrequired to meet efficiency
standards administered by the federal government.
The efficiency of used equipment within the scope
of the federal standards shall be verified through
data furnished by the manufacturer.

Equipment not required to meet efficiency
standards administered by the federal government,
and not in Tables 1305.3.3a. through f. may be
used, and have no minimum performance
requirements.

1305.3.3.1 Duct Furnacesand Unit Heaters:
Warm air duct furnaces and unit heaters shall
have an intermittent ignition device, maximum
jacket losses of 0.75% of the equipment input
rating, and power venting or a flue damper.
When combustion air is drawn from the
conditioned space a vent damper shall be
permitted to be used in lieu of the required flue
damper.

Table 1305.3.3a
Unitary Air Conditionersand Condensing Units, Electrically Operated,
Minimum Efficiency Requirements

Sub-Category or Minimum
Equipment Type Size Category Rating Condition | Efficiency? | Test Procedure
> 240,000 Btwhand | Split Systemand |9.5 EER®
? 760,000 Btu/h Single Package 9.7 IPLV®
Qnlit Quctam and |0 2 EEDRP ARI 210/240
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Table 1305.3.3b
Unitary and Applied Heat Pumps, Electrically Operated,
Minimum Efficiency Requirements

Sub-Category or Rating Minimum Test
Equipment Type Size Category Condition Efficiency” | Procedure

Air Cooled, Split System and Single 9.0 EER°9.2
(Cooling Mode) > 240,000 Btu/h | Package IPLV® ARI 340/360
Air Cooled, 477 db/43F wb outdoor  |3.1 COP
(Heating Mode) > 240,000 Btu/h | 177 db/107F wb outdoor | 2.0 COP ARI 340/360
Groundwater- Source 707F Entering Water 13.5EER
(Cooling Mode) < 135,000 Btu/h | 507F Entering Water 15.0 EER ARI 325
Ground Source 777 Entering Brine 12.4 EER
(Cooling Mode) < 135,000 Btu/h | 707 Entering Brine 12.8 EER ARI 330
Groundwater- Source |< 135,000 Btu/h | 707 Entering Water 3.9 COP
(Heating Mode) (Cooling Capacity) | 507 Entering Water 3.4 COP ARI 325
Ground Source < 135,000 Btu/h | 327 Entering Brine 2.8 COP
(Heating Mode) (Cooling Capacity) |41 Entering Brine 3.0 COP ARI 330

% IPLVs are only applicable to equipment with capacity modulation.
® Deduct 0.2 from the required EERs and |PLV's for units with supplemental heating sections other than
electric resistance heat.

Table 1305.3.3c
Water Chilling Packages, Minimum Efficiency Requirements

Minimum
Equipment Type Size Category | Efficiency® Test Procedure
Air Cooled, With Condenser, 2.80 COP
Electrically Operated All Capacities 2.80 IPLV
Air Cooled, Without Condenser, 3.10 COP
Electrically Operated All Capacities 3.10 IPLV |ARI 550 or ARI 590 as appropriate
Water Cooled, Electrically
Operated, Positive Displacement 4.20 COP
(Reciprocating) All Capacities 4.651PLV |ARI 590
4.45 COP
<150 Tons 4.50 IPLV
?150 Tonsand <  |4.90 COP
Water Cooled, Electrically 300 Tons 4,95 |PLV
Operated, Positive Displacement 5.50 COP
(Rotary Screw and Scroll) ? 300 Tons 5.60 IPLV |ARI 550 or ARI 590 as appropriate
5.00 COP
<150 Tons 5.00 IPLV
?150 Tonsand< |5.55 COP
300 Tons 5.55IPLV
Water Cooled, Electrically 6.10 COP
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the design leaving fluid temperature is less than or equal to 35?F.
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Table 1305.3.3d
Warm Air Duct Furnaces and Unit Heaters, Minimum Efficiency Requirements

Size Category | Sub-Category or Minimum | Minimum

Equipment Type (Input) Rating Condition® | Efficiency” | Efficiency® | Test Procedure
Warm Air Duct All Capacities | Maximum Capacity | 78% E; 80% E. ANSI Z83.9
Furnaces, Gas-Fired Minimum Capacity | 75% E;
Warm Air Unit All Capacities | Maximum Capacity | 78% E; 80% E. ANSI Z83.8
Heaters, Gas-Fired Minimum Capacity | 74% E;
Warm Air Unit All Capacities | Maximum Capacity |81% E; 80% E. UL 731
Heaters, Oil-Fired Minimum Capacity |81% E;

& Minimum and maximum ratings as provided for and allowed by the unit's controls.
¢ E. = Combustion efficiency (100% less flue losses). Seetest procedure for detailed discussion.
4 E, = Thermal efficiency. See test procedure for detailed discussion.

Table 1305.3.3e
Performance Requirementsfor Heat Rejection Equipment

Total System Heat
Rejection Capacity
at Rated Sub-Category or Rating Performance Test
Equipment Type Conditions Condition Required Procedure’
95 7+ Entering Water
Propeller or Axial 857 Leaving Water ?38.2 CTI
Fan Cooling Towers |All 757F wb Outdoor Air gpm/hp? ATC-105
95 F Entering Water
Centrifuga Fan 857 Leaving Water ?20.0 CTI
Cooling Towers All 757F wb Outdoor Air gpm/hp? ATC-105
125 F Condensing Temperature
R22 Test Fluid
1907F Entering Gas T
emperature
Air Cooled 157 Subcooling ? 176,000
Condensers All 95%F Entering Drybulb Btuh*hp®  |ARI 460

& Maximum flow (gpm)/rated motor power (hp)
® Heat rejected from the refrigerant (Btu/h)/rated motor power (hp).

Table 1305.3.3f
Boilers, Gas- and Oil-Fired, Minimum Efficiency Requirements

Equipment Type Size Category Sub-Category or Rating| Minimum | Efficiency asof | Test Procedure
Condition Efficiency” 1/1/2001°
Boilers, Gas-Fired | ? 300,000 Btu/h and| Maximum Capacity” 80% E. 75% E; H.l. Htg Boiler
2 2,500,000 Btu/h | Minimum Capacity® 80% E, Std 86¢
> 2,500,000 Btu/h Hot Water 80% E. 80% E.
> 2,500,000 Btu/h Steam 80% E. 80% E.
Rnilare Nil_Cirad [ 95 2nNn NnNN D411/l AnA M avimi im Canacih2@ Q04 E 790/~ E HI1 Htn Rnilar
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4 Alternate test procedures used at the manufacturer's option are ASME PTC-4.1 for units over
5,000,000 Btu/h input, or ANSI Z21.13 for units greater than or equal to 300,000 Btu/h and less than or
equal to 2,500,000 Btu/h input.
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1305.3.4 Temperatureand Humidity Controls

1305.3.4.1 Thermostatic Controls. The supply
of heating and cooling energy to each zone shall
be individualy controlled by thermostatic
controls capable of responding to temperature
within the zone.

Exception: Independent perimeter systems
that are designed to offset only building
envelope heat losses and/or gains serving one
or more zones aso served by an interior
system provided:

1. theperimeter systemincludesat least one
thermostatic control zone for each building
exposure of the building (face within £ 45?)
having exterior walls facing only one
orientation for more than 50 contiguous feet
and,

2. theperimeter system heating and cooling
supply is controlled by thermostatic controls
located within the zone(s) served by the
system.

1305.3.4.2 Zone Thermostatic Control
Capabilities:

1305.3.4.2.1 Set point Overlap
Restriction: Where used to control both
heating and cooling, zone thermostatic
controls shall be capable of providing a
temperature range or dead band of at least
57 within which the supply of heating and
cooling energy to the zone is shut off or
reduced to a minimum.

Exception: Thermostats requiring manual
changeover between heating and cooling
modes.

Where heating and cooling to a zone are
controlled by separate zone thermostatic
controls located within the zone, means
(such aslimit switches, mechanical stops, or,
for direct digital control (DDC) systems,
software programming) shall be provided to
prevent the heating set point from exceeding
the cooling set point minus any applicable

ENERGY CONSERVATION

Thermostatic setback controls shall have
the capability to setback or temporarily
operate the system to maintan zone
temperatures down to 55 7 or up to 85 .

HVAC systems shall be equipped with an
automatic timeclock or programmable
control that is capable of starting and
stopping the system for seven different daily
schedules per week, retaining programming
and time setting during loss of power for a
period of at least ten hours, and has amanual
override that allows temporary operation of
the system for up to two hours; a manually-
operated timer capable of being adjusted to
operate the systemfor up to two hours; or an
occupancy Sensor.

1305.3.4.3 Zone Isolation: Systems that
serve zones that will have the capability to
operate non- simultaneoudly shall include
isolation devices and controls to shut off or
set back the supply of ventilation air, heat-
ing, and cooling to each zone independently.
For offices, each isolation area shall be no
larger than 25,000 ft* of conditioned floor
areanor include more than onefloor. For all
other occupancies, isolation areas shall be no
larger than a single zone, a single tenant
space, or 5000 ft? of conditioned floor area,
whichever islarger.

Exception: exhaust air and outside air
connections to fan systems of 5,000 cfm
and smaller.

1305.3.4.4 Humidifier  Preheat:
Humidifiers with preheating jackets mounted
in the air stream shall be provided with an
automatic valve to shut off preheat when
humidification is not required.

1305.3.4.5 Humidification  and
Dehumidification: Where a zone is served
by a system or systems with both humidifi-
cation and dehumidification capability, means
(such aslimit switches, mechanical stops, or,
for direct digital control (DDC) systems,
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1305.3.4.6 Simultaneous Heating and
Cooling: Zone thermostatic and
humidistatic controls shall be capable of
operating in sequence the supply of heating
and cooling energy to the zone. Controls
shall be capable of preventing reheating;
recooling; mixing, or simultaneously
supplying ar that has been previousy
mechanically heated and air that has been
previously cooled ether by economizer
operation or mechanical cooling.
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Exception:
1. Variable ar volume systems which,
during periods of occupancy, are designed
to reduce the primary air supply to each
zone to a minimum before reheating,
recooling, or mixing takes place.
2. Zones where specia pressurization
relationships or  cross-contamination
requirements are such that variable air
volume systems are impractical.
3. At least 75% of the energy for
reheating or for providing warm air in
mixing systems is provided from a
Site-recovered or Site-solar energy source.
4. Zoneswhere specia humidity levelsare
required to satisfy process needs.
5. Zones with a peak supply air quantity
of 300 cfm or less and where the flow rate
is less than 10% of the total fan system
flow rate.
6. Zones where the volume of air to be
reheated, recooled, or mixed is no greater
than the volume of outside air required to
meet the minimum ventilation requirements
of 780 CMR 1305.3.6.

1305.3.4.7 Temperature Reset for Air
Systems: Air systems supplying heated or
cooled air to multiple zones shall include
controls that have the capability to
automatically reset the supply air in response
to measured parameters representative of
building loads or by outside air temperature.
Temperature shall be capable of being reset
by at least 25% of the design supply air to
room air temperature difference.

Exception: Systems that comply with
780 CMR 1305.3.4.6 without using
Exceptions 1, 2 or 6.

1305.3.5 Hydronic System Controls. The
heating of fluids that have been previoudy
mechanically cooled and the cooling of fluids that
have been previously mechanically heated shall be
limited in accordance with 780 CMR 1305.3.5.1
through 1305.3.5.3.

Hydronic heating systems comprised of multiple
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1305.3.5.1 Threepipe System: Hydronic
systems that use a common return system for
both hot water and chilled water are prohibited.

1305.3.5.2 Two-pipe Changeover System:
Systemsthat use acommon distribution systemto
supply both heated and chilled water shall: be
designed to alow a dead band between
changeover from one mode to the other of at least
157F outside air temperature; be designed to and
provided with controlsthat will allow operationin
one mode for at least 4 hours before changing over
to the other mode; and be provided with controls
that allow heating and cooling supply temperatures
at the changeover point to be no more than 307

apart.

1305.3.5.3 Hydronic (Water Loop) Heat
Pump Systems. Hydronic heat pumps
connected to acommon heat pump water loop
with central devicesfor heat rejection and heat
addition shall have controls that are capable of
providing a heat pump water supply
temperature dead band of at least 207 between
initiation of heat rejection and heat addition by
the central devices. If aclosed-circuit cooling
tower isused, either an automatic valve shall be
installed to bypass all but a minimal flow of
water around the tower, or low leakage positive
closure dampers shall be provided. If an
open-circuit cooling tower is used directly in
the heat pump loop, an automatic valve shall be
installed to bypass all heat pump water flow
around the tower. If an open-circuit cooling
tower is used in conjunction with a separate
heat exchanger to isolate the cooling tower
fromthe heat pump loop, then heat loss shall be
controlled by shutting down the circulation
pump on the cooling tower loop. Each
hydronic heat pump on the hydronic system
having a total pump system power exceeding
ten hp shall have atwo-position valve.

Exception: Where a system loop temper-
ature optimization controller isinstalled and
can determine the most efficient operating
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1305.3.5.5Maximum Power Use: Individua
pumps serving variable flow systems having
pump motors greater than 50 hp shall include
controls that are capable of limiting pump
motor demand to no more than 30% of design
power input at 50% of design water flow.
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1305.3.6 Ventilation: Ventilation, either natural
or mechanical, shall be provided in accordance
with the mechanical code listed in Appendix A.
Where mechanical ventilation is provided the
system shall provide the capability to reduce the
outdoor air supply to the minimum required by the
mechanical code listed in Appendix A.

1305.3.6.1 System Controls. Mechanica
ventilation systems shal be provided with
manual or automatic controlsthat will allow the
fan system to operate whenever the spaces
served are occupied. Air conditioning systems
that supply required ventilation air shall be
provided with controls desgned to
automatically maintain the required outdoor air
supply rate during occupancy.

1305.3.6.2 Ventilation Controls for
High-Occupancy Areas. Systemswith design
outside air capacities greater than 3000 cfm
serving areas having an average design
occupancy density exceeding 100 people per
1000 ft? shall include means to automatically
reduce outside air intake below design rates
when spaces are partialy occupied. Ventilation
controls shall be in compliance with ASHRAE
Standard 62 and local standards.

Exception:
recovery.

fan systems with energy

1305.3.6.3 Distributed Fan Systems: Where
mechanical ventilation is provided by multiple
fan systems located in a plenum or other
enclosed space, outdoor air shal be ducted
directly to each individual fan system.

1305.3.6.4 Outdoor Air Intake Control:
Variable air volume systems shall have controls
that are capable of maintaining total system
outdoor airflow at not less than 90% of the
outdoor air supply rates required by 780 CMR
1305.3.6.

1305.3.6.5 Zone Minimum Air Flow:
Variable air volume zone controls shall maintain
the hourly average outdoor supply air rate at
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Exception:

1. Gravity (non-motorized) dampers
installed in buildings less than three storiesin
height above grade.

2. Individual supply systemswith an outside
air intake or exhaust capacity of 300 cfm or
less.

1305.3.7 Economizers. Each cooling system
including the fan with atotal cooling capacity of at
least 65,000 Btu/h shall have an air or water
economizer.

Cooling fan systems with a total cooling
capacity less than 65,000 Btu/hr shall have an air
or water economizer in buildingsthree storiesand
taller where the total cooling capacity of al such
systems exceeds 2,400,000 Btu/h or 10% of the
total installed cooling capacity, whichever is
larger.

Exception:

1. Systemsthat include gas phase air cleaning

in order to meet ventilation requirements.

2. Where more than 25% of the air designed

to be supplied by the system is to spaces that

are designed to be humidified above 357 (27C)
dewpoint temperature in order to satisfy
process needs.

3. Systems that include a condenser hesat

recovery system complying with 780 CMR

1305.3.12.

4. Systemsthat serveresidential spaceswhere

the system capacity is less than 325,000 cfm.

5. Systems that serve spaces whose sensible

cooling load at design conditions, excluding

transmission and infiltration loads, is less than
or equal to transmission and infiltration losses
at an outdoor temperature of 607F.

6. Systems expected to operate less than 20

hours per week.

7. Where the use of outdoor air for cooling

will affect supermarket open refrigerated

casework systems,

1305.3.7.1 Air Economizers. Air economizers
shall be designed to modulate outside air and
return air dampers to provide up to the design
supply air quantity as outside air.

Economizer dampers shal be capable of
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excess return ar during ar economizer
operation. The relief air outlet shall be located
to avoid reintroduction of exhaust air into the
building.

Controls shall be permitted to be installed to
reduce the quantity of outdoor air to prevent
coil frosting at the lowest stage of compressor
unloading.
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1305.3.8 Duct and Plenum Insulation and
Sealing: All supply and return air ducts and
plenums shall be insulated with a minimum of R-5
insulation when located in unconditioned spaces
and with a minimum of R-8 insulation when
located outside the building envelope. When
located within a building envelope assembly the
duct or plenum shall be separated from the
building exterior or unconditioned or exempt
spaces by aminimum R-5 insulation. Required R-
values are the "labeled" R-values for such ducts.

Exception:

1. When located within equipment.

2. When the design temperature difference
between the interior and exterior of the duct
or plenum does not exceed 157F.

3. Exhaust air ducts.

4. Outside air supply ducts located outside
of the building envelope.

All joints, longitudinal and transverse seams,
and connectionsin duct work, shall be securely
fastened and sealed with welds, gaskets, mastics
(adhesives), mastic-plus-embedded-fabric
systems, or tapes. Tapesand mastics used with
rigid fibrous glass ducts shall be listed and
labeled in accordance with UL 181A. Tapes
and mastics used with flexible air ducts shall be
listed and labeled in accordance with UL 181B.
Duct tape is not permitted as a sealant on any
metal ducts.

Ductsdesigned to operate at static pressures
inexcessof threein. w.c. shall be leak-tested in
accordance with the SMACNA HVAC air duct
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leakage test manual with therate of air leakage
less than or equal to 6.0 as determined in
accordance with Equation 1305.3.8.

Lmax - CLPO.GS

Where:

Lmax = the maximum permitted leakage in cfm
per 100 ft* duct surface

C. = 6 for sguarefrectangular sheetmetal or
fibrous ducts, three for round/oval sheetmetal,
fibrous or flexible ducts

P = test pressure which shall be equa to the
design duct pressure class rating ininches w.c.

1305.3.9 Piping Insulation: All piping serving
as part of a heating or cooling system shall be
thermally insulated in accordance with Table
1305.3.9.

Exception:

1. Factory-installed piping within HVAC
equipment tested and rated in accordance with
780 CMR 1305.3.3.

2. Piping that conveysfluidsthat have adesign
operating temperature range between 55°F and
105°F

3. Piping that conveys fluids that have not
been heated or cooled through the use of fossil
fuels or electrical power.

4. Hot water runout piping not exceeding 4 ft.
in length and 1 in. in diameter or less between
the control valve and HVAC caoil.

Table 1305.3.9
Minimum Pipe Insulation Thickness’
Insulation Conductivity Nominal Pipe or Tube Size (in.)

Fluid Design Operating | Conductivity Mean Rating

Temp. Range (7F) Bturin/(h*ft2* ) |Temp. () |[<1 1to<1¥s |1%to<4 |4to<8 |28
Heating Systems (Steam, Steam Condensate and Hot Water)

>350 0.32-0.34 250 2.5 3.0 3.0 4.0 4.0
251-350 0.29-0.32 200 15 2.5 3.0 3.0 3.0
201-250 0.27-0.30 150 15 15 2.0 2.0 2.0
141-200 0.25-0.29 125 1.0 1.0 1.0 15 15
105-140 0.22-0.28 100 0.5 0.5 1.0 1.0 1.0

Domestic and Service Hot Water Systems
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[Btu*in.(h*ft>*7F)]; and
k = the upper value of the conductivity range listed in thistable for the applicable fluid temperature.
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1305.3.10 Fan System Power: The ratio of the
nameplate fan system power to the supply fan air
flow rate of each HVAC system a design
conditions shall not exceed the requirements
shown in Table 1305.3.10. Fan system power
shall be adjusted in accordance with Equation
1305.3.10 for the additional power required by
process loads, air treatment or filtering systems
with design pressure drops over onein. w.c. when
filters are clean, heat recovery coils or devices, or
direct evaporative humidifiers/coolers.

Equation 1305.3.10

Adjusted fan system power = Fan system power - HP
Credit

HP Credit (hp) = Sum of [CEM., X (SP, - 1.0)/3718]
+ Sum of [CFM X SPHR/3718]

Where:

CFM, =Supply air volume of the unit with the
filtering system, cfm

SP, = Air pressure drop of the filtering system
when filters are clean, in. w.c.

SPyr= Air pressure drop of heat recovery coilsor
direct evaporative humidifier/cooler, in. w.c.

Table 1305.3.10
Fan Power Limitation
Supply Air Allowable Nameplate Motor Power
Volume Congtant Air Volume |Variable Air Volume
< 20,000 c¢fm |1.2 hp/1,000 cfm 1.7 hp/1,000 cfm
> 20,000 c¢fm (1.1 hp/1,000 cfm 1.5 hp/1,000 cfm

1305.3.10.1 Variable Air Volume (VAV)
Fan Control: Individual VAV fans with
motors 25 hp and larger shall have controls or
devices that will result in fan motor demand of
no more than 30% of design wattage at 50% of
design air volume when static pressure set point
equals ? of the total design static pressure,
based on manufacturer's certified fan data.
Static pressure sensors used to control
variable air volume fans shall be placed in a
position such that the controller set point is not
able to exceed ? the total design fan static

nramr~ v 1 thin ramiléa 1n tha cAncAr hAina
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systemis off except as required to maintain the
zone at setback temperatures.

1305.3.11 Heat Rejection Equipment:

1305.3.11.1 General: 780 CMR 1305.3.11
applies to heat regection equipment used in
comfort cooling systems covered in Table
1305.3.3e.

1305.3.11.2 Fan Speed Control: Each fan
associated with a heat rejection device covered
in Table 1305.3.3e and powered by a motor of
7.5 hp or larger shal have a fan speed control
with the capability to operate that fan at
two-thirds of full speed or less, and shall have
controls that are capable of automatically
changing the fan speed to control the leaving
fluid temperature or condensing temperature/
pressure of the heat rejection device.

Exception:

1. Condenser fans serving multiple
refrigerant circuits.

2. Condenser fans serving flooded
condensers.

3. Up to ? of the fans on a condenser or
tower with multiple fans where the lead fans
comply with the speed control requirement

1305.3.12 Exhaust Air Energy Recovery:
HVAC fan systemsthat have both a design supply
air capacity of 5000 cfm or greater and have a
minimum outside air supply of 70% or greater of
the design supply air quantity shall have an energy
recovery system that is capable of providing a
changein the enthalpy or dry-bulb temperature of
the outdoor air supply equal to at least 50% of the
difference between the outdoor air and return air
at design conditions. A heat recovery system
bypass shall be provided to permit air economizer
operation as required by 780 CMR 1305.3.7.

Exception:

1. Laboratory systems meeting
780 CMR1305.3.13.2.

2. Systems serving spaces which are not
cooled and which are heated to less than 60°F.
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1305.3.13.1 Kitchen Hoods. Individual
kitchen exhaust hoods larger than 5000 cfm
shall be provided with make-up air sized for at
least 50% of exhaust air volume that is

(@) heated to no more than 607F and

(b) uncooled or cooled without the use of
mechanical cooling.
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Exception:

1.Where hoods are used to exhaust ventil-
ation air which would otherwise exfiltrate or
be exhausted by other fan systems.

2. Certified grease extractor hoods that
require a face velocity no greater than
60 fpm.

1305.3.13.2 Fume Hoods. Buildings with
fume hood systems having a total exhaust rate
greater than 15,000 cfm shall include at least
one of the following features:
1. Variable air volume hood exhaust and
room supply systems capable of reducing
exhaust and make-up air volume to 50% or
less of design values.
2. Direct make-up (auxiliary) air supply
equal to at least 75% of the exhaust rate,
heated no warmer than 2F below room set
point, cooled to no cooler than 37F above
room set point, no humidification added, and
no simultaneous heating and cooling used for
dehumidification control.
3. Heat recovery systems to precondition
make-up air from fume hood exhaust in
accordance with 780 CMR 1305.3.12
Exhaust Air Heat Recovery, without using
any exception.

780 CMR 1306.0 SERVICE
WATER HEATING

1306.1 General: 780CMR 1306.0 covers
installation of service hot water piping and controls
for service water heating equipment.

1306.2 Temperature Controls: Service water
heating equipment shall be provided with controlsto
allow a set point of 1107 for equipment serving
dwelling units and 907F for equipment serving other
occupancies. The outlet temperature of lavatoriesin
public facility restrooms shall be limited to 1107

1306.3 Heat Traps. Water heating equipment not
supplied with integral heat traps and serving non -
circulating systems shall be provided with heat traps
on the snnlv and discharae ninina assnciated with
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1306.5 Hot Water System Controls: Circulating
hot water systems or heat trace shall have automatic
time switchesthat are capable of being set to turn off
the system.

1306.6 Swimming pools:

1306.6.1 Pool Covers. Heated pools shall be
equipped with a vapor retardant pool cover on or
at the water surface.

Exception: Pools deriving over 60% of the
energy for heating from site-recovered energy
or solar energy source.

1306.6.2 Pool Heaters: Pool heaters shall meet
the efficiency requirements for boilers. Pool
heaters fired by natural gas shall not have
continuously burning pilot lights.

1306.6.3 On-off Switch: Pool heaters shall be
equipped with areadily accessible on-off switch to
allow shutting off the heater without adjusting the
thermostat setting.

1306.6.4 Time Switches. Time switchesshall be
installed on swimming pool heaters and pumps.

Exceptions:

1. Where public health standards require
24-hour pump operation.

2. Where pumps are required to operate solar
and waste heat recovery pool heating systems.

1306.6.5 Temperature Controls. Heated
swimming pools shall be equipped with controlsto
limit heating water temperatures to not more than
807F.

Exception:  Pools used for therapeutic
purposes are exempt when approved by the
building official.

1306.7 Space Heating and Water Heating: The
use of a gas-fired or oil-fired space heating boiler
system to provide the total space heating and water
heating for a building is allowed when one of the
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fraction of the year when the outdoor daily mean
temperature is greater than 64.97F.

The standby loss is to be determined for atest
period of 24-hour duration while maintaining a
boiler water temperature of at least 907F above
ambient, with an ambient temperature between
607F and 90%. For a boiler with a modulating
burner, this test shall be conducted at the lowest
input.
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2. It can be demonstrated that the use of asingle
heat source will provide energy savings compared
to separate units.

3. The energy input of the combined boiler and
water heater system isless than 150,000 Btu/h.

780 CMR 1307.0 ELECTRIC POWER
DISTRIBUTION

1307.1 Scope: Electrical distribution systems shall be
designed for the efficient distribution of electrical
energy fromthe service entrance to the points of use.

Exceptions:

1. Buildingsin use groups R-3 and R-4 (one-and
two-family dwellings).

2. Emergency power systems.

1307.2 Electrical Metering: In al multi-family
dwellings, each dwelling unit shall be separately
metered. Also see 527 CMR 12.00.

Exceptions:

1. Publicly financed housing for the elderly with
fuel fired heating systems, with centrally operated
air conditioning systems, or without air condition-
ing systems are exempt from this requirement.

2. Publicly financed housing for the elderly with
electric resistance or storage heating systems are
exempt from this requirement provided there is
informational metering of the individual dwelling
units.

1307.3 Voltage Drop:

1307.3.1 Feeders. Feeder conductors shall be
designed for amaximumvoltage drop of 2% at the
design load calculated in accordance with
780 CMR 2701.0.
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1307.3.2 Branch Circuits. Branch circuit
conductors shall be designed for a maximum
voltage drop of 3% at the designload calculated in
accordance with 780 CMR 2701.0.

1307.4 Transformers. Single-phase  and
three-phase dry-type and liquid-filled distribution
transformers first installed after December 31, 1999
shall be selected based on rating as described in
780 CMR 1307.4.1 and 1307.4.2.

Exceptions:

1. liquid-filled transformers below ten kVA or
dry-type transformers below 15 kVA

2. drive transformers, both AC and DC

3. dl rectifier transformers and transformers
designed for high harmonics

4. autotransformers

5. non-distribution transformers, such as UPS
(Uninterruptible Power Supply) transformers

6. specia impedance, regulation, and harmonic
transformers

7. sedled and non-ventilated transformers

8. retrofit transformers, machine tool transfor-
mers, or welding transformers

9. transformerswith tap ranges greater than 15%
or frequency other than 60 Hz

10. grounding or testing transformers.

1307.4.1 Liquid-Immersed Transformers:
Liquid-immersed transformers shall comply with
the minimum efficiencies in Table 1307.4.1 as
tested and rated in accordance with Section 313 of
the Electric Utility Industry Restructuring Act of
November 25, 1997 ("NEMA TPL1.")

Table 1307.4.1
NEMA Class 1 Efficiency Levelsfor Liquid-Filled Distribution Transformers

Reference Condition Temperature % of Nameplate Load
Load Loss 857C 50%
No Load Loss 207C 50%
kVA Single Phase Efficiency kVA Three Phase Efficiency
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2500 99.4

1307.4.2 Dry-Type Transformers.. Dry-type
transformers shall comply with the minimum
efficienciesin Table 1307.4.2 astested and rated in
accordance with NEMA TP 1:
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Table 1307.4.2
NEMA Class 1 Efficiency Levelsfor Dry-Type Distribution Transformers

Reference Temperature % of Nameplate
Condition Load
Low Voltage 75°C 35%
Medium Voltage 75°C 50%
Single Phase Efficiency Three Phase Efficiency
kVa Low Medium | kVa Low Medium
Voltage | Voltage Voltage | Voltage
15 97.7 97.6 15 97.0 96.8
25 98.0 97.7 30 97.5 97.3
37.5 08.2 98.1 45 97.7 97.6
50 98.3 08.2 75 98.0 97.9
75 98.5 98.4 1125 |98.2 98.1
100 98.6 98.5 150 98.3 08.2
167 98.7 98.7 225 98.5 98.4
250 98.8 98.8 300 98.6 98.5
333 98.9 98.9 500 98.7 98.7
500 -- 99.0 750 98.8 98.8
667 -- 99.0 1000 98.9 98.9
833 -- 99.1 1500 -- 99.0
2000 -- 99.0
2500 -- 9.1

780 CMR 1308.0 LIGHTING SYSTEMS

1308.1 General: Thelighting criteriain 780 CMR
1308.0 shall apply to lighting for the following:
1. interior spaces of buildings;
2. exterior building features, including facades,
illuminated roofs, architectural features, entrances,
exits, loading docks, and illuminated canopies,
and,
3. exterior building grounds lighting provided
through the building's electrical service.

Exceptions:

1. emergency lighting that is automatically off
during norma building operation and is
powered by battery, generator, or other
aternate power source; and,

2. lighting within living units of residential
buildings;

3. lighting that is specifically designated as
required by a heath or life safety statute,

specific programmed times. An independent
program schedule shall be provided for areas of
no more than 25,000 ft* but not more than one
floor; or

2. an occupant sensor that shall turn lighting
off within 30 minutes of an occupant leaving a
space; or

3. an unscheduled basis by occupant
intervention.

Exception 1: Lighting intended for 24 hour
operation shall not require an Automatic
Control Device.

Exception 2: Automatic Control Devices
are not required in the following spaces:
corridors, hallways, stairways and lobbies
which are part of arequired means of egress;
restrooms, mechanical rooms, and; electrical
rooms. If automatic control devicesare used
in the spaces listed, they shal not reduce
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1. control - a maximum of 2,500 ft* area for a
space 10,000 ft* or less, and a maximum of
1(2),000 ft? area for a space greater than 10,000
ft*,

2. becapable of overriding the shutoff control
required in 1308.2.1 for no more than two
hours, and

3. be readily accessible and located so the
occupant can see the controlled lighting.
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Exception 1. Remote location shall be
permitted for reasons of safety or security
when the remote control device has an
indicator pilot light as part of or next to the
control device and it shal be clearly labeled
to identify the controlled lighting.

Exception 2: Meansof egresslighting which
provides the minimum illumination identified
in 780 CMR 1308.2.1 Exception 2 shall be
controlled in accordance with 780 CMR
1024.

1308.2.3 Uniform Reduction: Each perimeter
office space enclosed by ceiling-height partitions
shall have a manual control to alow the occupant
to uniformly reduce the connected lighting load by
at least 50%

Exception: Spaces with automatic daylighting
controls.

1308.2.4 Additional Control:
1. Display/Accent Lighting - display or accent
lighting shall have a separate control device.
2. Case Lighting - lighting in cases used for
display purposes shall be equipped with a
separate control device.
3. Hotel and Motel Guest Room Lighting -
hotel and motel guest rooms and guest suites
shall have a master control device at the main
room entry that controls al permanently
installed luminaires and switched receptacles.
4. Task Lighting - supplemental task lighting
including permanently installed undershelf or
undercabinet lighting shall have acontrol device
integral to the luminairesor shall be controlled
by awall- mounted control device provided the
control device complies with 780 CMR
1308.2.2.
5. Nonvisual Lighting - lighting for nonvisual
applications, such as plant growth and
food-warming, shall be equipped with a
separate control device.
6. Demonstration Lighting -  lighting
equipment that isfor sale or for demonstrations
in lighting education shall be equipped with a
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structureswhere required for safety, security or
eye adaptation.

1308.3 Tandem Wiring: Luminaires designed for
usewith one or three linear fluorescent lamps greater
than 30 W each shall use two lamp tandem-wired
ballasts in place of single lamp ballasts when two or
more luminaires are in the same space and on the
same control device.

Exceptions:

1. recessed luminaires more than ten ft apart
measured center to center,

2. surface mounted or pendant luminaires which
are not continuous,

3. luminaires using single lamp high-frequency
electronic ballasts,

4. luminaires using three lamp high-frequency
electronic ballasts or three lamp electromagnetic
ballasts,

5. luminaires on emergency circuits,

6. luminaires with no available pair.

1308.4 Exit Signs: Exit signluminaires operating at
greater than 20 watts shall have a minimum source
efficacy of 35 Im/W.

1308.5 Exterior Building Grounds Lighting: All
exterior building grounds luminaireswhich operate at
greater than 100 watts shall contain lamps having a
minimum efficacy of 60 Im/W unlessthe luminaireis
controlled by amotion sensor or qualifies for one of
the exceptions under 780 CMR 1308.1 or 1308.7.
1308.6 Interior Lighting Power: The installed
interior lighting power identified in accordance with
780 CMR 1308.6.1 shall not exceed the interior
lighting power allowance developed in accordance
with 780 CMR 1308.6.2.

1308.6.1 Installed Interior Lighting Power:
Theingtalled interior lighting power shall include
the power of al lighting. The installed interior
lighting power includes all power used by the
luminaires, including lamps, ballasts, current
regulators, and control devices.

Exceptions:
1. If two or more independently operating
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lighting shall not be exempt unless it is an
addition to general lighting and is controlled by
an independent control device.
a. Lighting in spaces specifically designed
for use by the visualy impaired.
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b. Lighting in retail display windows,

provided the display area is enclosed by

celling-height partitions.

c. Lightingininterior spacesthat have been

specificaly designated asaregistered interior

historic landmark.

d. Athletic playing areas with permanently

installed lighting for television broadcasting.

e. Casino gambling aress.
3. Thefollowing lighting equipment shall not
be included in the installed interior lighting
power. However, any such lighting shall not be
exempt unless it is an addition to generd
lighting and is controlled by an independent
control device.

a. Display or accent lighting that is an

essential element for the function performed

in galleries, museums, and monuments.

b. Lighting that isintegral to equipment or

instrumentation and is instaled by its

manufacturer.

c. Lighting specifically designed for use

only during medical or dental proceduresand

lighting integral to medical equipment.

d. Lighting integral to both open and glass

enclosed refrigerator and freezer cases.

e. Lighting integral to food warming and

food preparation equipment.

f. Lighting for plant growth or maintenance.

g. Lighting that is an integral part of

advertising or directional signage.

h. Exit signs.

i. Lighting that is for sale or lighting

educational demonstration systems.

J. Lighting for theatrical purposes,

including, performance, stage, and film and

video production.

1308.6.1.1 Luminaire Wattage: Luminaire
wattage incorporated into the installed interior
lighting power shall be determined in
accordance with the following criteria:
1. the wattage of incandescent or
tungsten-halogen luminaires with medium
screw base sockets and not containing
permanently installed ballasts shall be the
maximum labeled wattage of the luminaire.
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combination based on vaues from
manufacturers catalogs or values from
independent testing lab reports.
3. the wattage of line voltage lighting
track and plug-in busway that allow the
addition and/or relocation of luminaires
without atering the wiring of the system
shall be the lower of:
a the gpecified wattage of the
luminairesincluded inthe systemwith a
minimum of 30 W/lin ft.
b. the specified wattage of the circuit
protection device.
4. thewattage of low-voltage lighting track,
cable conductor, rail conductor, and other
flexible lighting systems that alow for the
addition and/or relocation of luminaires
without altering the wiring of the system
shall be the specified wattage of the
transformer supplying the system.
5. the wattage of al other miscellaneous
lighting equipment shall be the specified
wattage of the equipment.

1308.6.2 Interior Lighting Power Allowance:
The interior lighting power allowance for a
building or a separately metered or permitted
portion of abuilding shall be determined by either
the building area method described in 780 CMR
1308.6.2.1 or the Space-by-Space method
described in 780 CMR 1308.6.2.2. Trade-offs of
interior lighting power allowance among portions
of the building for which a different method of
calculation has been used are not permitted.

1308.6.2.1  Building Area Method of
Calculating Interior Lighting Power
Allowance: The Building AreaMethod shdl be
used only in the following cases. a) projects
involving the entire building, or b) projects
involving a single, independent, and separate
occupancy in amulti-occupancy building. Use
the following steps to determine the interior
lighting power alowance by the Building Area
Method:

1. Determine the appropriate building type

from Table 1308.6.2.1 and the allowed

lighting power density (watts/unit area) from
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Table 1308.6.2.1
Lighting Power Densities Using the Building Area M ethod
Lighting Power Density
Building Type (WIft 2
Automotive Facility 1.5
Convention Center 1.4
Courthouse 1.4
Dining: Bar Lounge/leisure 1.5
Dining: Cafeterialfast Food 1.8
Dining: Family 1.9
Dormitory 1.5
Exercise Center 1.4
Gymnasium 1.7
Hospital/healthcare 1.6
Hotel 1.7
Library 1.5
Manufacturing 2.2
Motel 2.0
Motion Picture Theatre 1.6
Multi-family 1.0
Museum 1.6
Office 1.3
Parking Garage 0.3
Penitentiary 1.2
Performing Arts Theater 1.5
Policeffire Station 1.3
Post Office 1.6
Religious Buildings 2.2
Retall 1.9
School/university 15
Sports Arena 15
Town Hall 14
Transportation 1.2
Warehouse 1.2
Workshop 1.7

gpace(s) times the allowed lighting power

1308.6.2.2 Space-by-Space Method  of density for the space type that most closely

Calculating  Interior  Lighting  Power represents the proposed use of the space(s).

Allowance: Usethefollowing stepsto determine The product isthelighting power allowance for

the interior lighting power alowance by the the space(s). For space types not listed,

space-by-space method: selection of a reasonable equivalent category
1. For each space enclosed by partitions 80% shall be permitted.

nr nroatar than cailinn hainht  Aatarmina tha 2 Tha intarinr linhtinAa nnwer allmaanece ic
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Table 1308.6.2.2
Lighting Power Densities Using the Space-by-Space M ethod
Building Type LPD Additional
(WIft2) Power
Allowances *
Area/Space Type
Common Space Types
Active Storage 11
Atrium - First Three Floors 1.3
Atrium - Each Additional Floor 0.2
Classroon/L ecture/Training 1.6
Conference/Meeting/M ultipurpose 15
Corridor/Transtion 0.7
Dining Area 1.4
Electrical/Mechanical 1.3
Food Preparation 2.2
I nactive Storage 0.3
L obby 1.8
L ounge/Recreation 14
Office - Enclosed 15
Office - Open Plan 1.3
Restroom 1.0
Stairway 0.9
Laboratory 1.8 1
Athletics
Audience/Seating Area 0.5
Court Sports Area 4.3
Dressing/L ocker/Fitting Room 0.8
Exercise Area 11
Indoor Playing Field 1.9
Playing Area 1.9
Ring Sports Area 3.8
Transportation
Baggage Area 1.3
Terminal Concourse 0.7 1
Ticket Counter 1.8 1
Transportation Seating Area 1.0
Hospitality & Food Service
Bar Lounge/L eisure Dining Area 12
Cafeteria/lFast Food Dining Area 1.4
Family Restaurant Dining Area 2.2
Hotel Lobby 17

Government & Public Safety
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Building Type LPD Additional
(WIft2) Power
Allowances *
Area/Space Type
Active Storage - Hospital 2.9
Corridors w/ Patient Waiting, Exam 1.6
Emergency 3.2
Hospital & Healthcare continued
Exam/Treatment 1.6
Laundry/Washing 0.7
Medical Supplies 3.0
Nurse Station 1.8 1
Nursery 1.0
Operating Room 7.6
Patient Room 1.2
Pharmacy 2.3
Physical Therapy 1.9
Radiology 04
Recovery 2.6
Industrial & Auto Service
Automobile Garage Service/Repair 1.4
Detailed Manufacturing 6.2
Manufacturing Control Room 0.5
Manufacturing Corridor/Transition 0.5
Manufacturing Equipment Room 0.8
Manufacturing General - High Bay 3.0
Manufacturing General - Low Bay 2.1
Workshop 2.5
Library & Museum
Library Card File & Cataloguing 1.4 1
Library Reading Area 1.8 1
Library Stacks 1.9 1
Museum Active Storage 14
Museum General Exhibition 1.6
Museum I nactive Storage 1.4
Museum Restoration 2.5
Retail & Banking
Banking Activity Area 2.4 1
General Retall Sales Area 2.1 1,2
Mall Concourse 1.8 1
Public Assembly
Convention Center Audience/Seating Area 0.5
Convention Center Exhibit Space 3.3
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Building Type LPD Additional
(WIft2) Power
Allowances *
Area/Space Type
Garage Parking Area - Attendant Only 0.1
Garage Parking Area - Pedestrian 0.2
Mediunmy/Bulky Material Storage 11

* Additional Power Allowances:
1. decorative luminaires, 1.0 W/ft?

2. luminaires to highlight merchandise, 1.6 W/ft?, 3.9 W/ft? for fine merchandise or for

detailed display and examination

1308.6.2.3 Additional Interior Lighting
Power: An increase in the interior lighting
power allowance is alowed when using the
Space-by-Space Method for specific space
functions as noted in Table 1308.6.2.2. Inal
such spaces in which an additional lighting
power alowanceistaken, the additional power
shall be allowed only if the specified lighting is
installed. Additional power shall be used only
for the specified luminaires and shall not be
used for any other purpose or in any other
space.

An increase in the interior lighting power
allowance for space types noted in Table
1308.6.2.2 as €ligible for additional interior
lighting power allowance:

1. for spaces in which lighting is specified
to be installed in addition to the generd
lighting for the purpose of decorative
appearance, such as chandelier-type luminar-
ies or sconces or for highlighting art or
exhibits, provided that the additional lighting
power shall not exceed 1.0 W/ft? of such
spaces.

2. for lighting equipment installed in retail

gpaces that is specifically designed and

directed to highlight merchandise provided
that the additional lighting power shall not
exceed:
a 1.6 W/ft® of the illuminated area, or
b. 3.9 W/ft? of the illuminated area for
displaying and sdlling fine merchandise
such as jewdry, fine appard and
accessories, china, crystal and silver, art
galleries, and similar spaces where the

to 780CMR 1308.7) shal comply with the
requirements of 780 CMR 1308.5.

Table 1308.7
Lighting Power Limitsfor Building Exteriors

Applications

Power Limits

Building entrance with
canopy or free standing
canopy

3 WI/ft? of canopied area

Building entrance without
canopy

33 W/lin ft of door width

Building exit

20 W/lin ft of door width

Building facades

0.25 W/ft? of illuminated
facade area

Exceptions: Lighting used for the following
exterior applications is exempt when equipped
with an independent control device:
1. specidized signal, directional, and marker
lighting associated with transportation;
2. lighting used to highlight features of public
monuments and registered historic landmark
structures or buildings;
3 lighting that is integral to advertising

signage.

780CMR 1309.0 BUILDING DESIGN
BY SYSTEMSANALYSIS

1309.1 General: 780CMR 1309.0 establishes design
criteria in terms of total energy use by a building
including all of its systems.

A commercia or high rise residentia building
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1. Energy Analysis. The calculation procedure
used to simulate the operation of the building and
its service systems through a full year operating
period shall be of sufficient detall to permit the
evaluation of the effect of system design, climatic
factors, operational characteristics, and mechanical
equipment on annual energy usage. The
calculation procedure shall be based upon 8760
hours of operation of the building and its service
systems and shall utilize techniques recommended
in the ASHRAE Handbook, 1997 Fundamentals
Volume.

2. Climatic datac Coincident hourly data for
temperatures, solar radiation, wind and humidity
of typical days in the year representing seasonal
variation, in accordance with Tables 1303.1 and
1303.2.

3. Energy Sources: Identical energy sources must
serve the same purpose in both the standard and
the proposed alternative design. If the proposed
aternative design results in an increase in con-
sumption of one energy source and a decrease in
another energy source, each energy source shall be
converted to equivaent Btu units for purposes of
comparing thetotal energy used. Consumption of
electricity shall be converted at the rate of 10,000
Btu/kWh for the purpose of this comparison.
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4. Nondepletable Energy Sources. Energy
collected on site from nondepletable sources shall
be omitted from the comparison of total energy
used. Energy collected off site from nondeplet-
able sources shall be included in the comparison of
total energy used.

5. Building Operation: Building operation shall
be smulated for a full calendar year. Operating
schedules shall include hourly profiles for daily
operation and shall account for variations between
weekdays, weekends, holidays, and any seasonal
operation.  Schedules shall model the time-
dependent variations of occupancy, illumination,
receptacle loads, thermostat settings, mechanical
ventilation, HVAC equipment availability, service
hot water usage, and any process loads.

Exception:  Operating schedules shal be
permitted to differ between the proposed design
and the standard design to alow simulation of
theimpact of any automatic control provided in
the proposed design beyond the minimum
requirementsin 780 CMR 1304 through 13009.

6. Simulated Loads. The following systems and
loads shall be modeled in determining total
building performance: heating systems; cooling
systems; fan systems; lighting power; receptacle
loads; and process loadsthat exceed 1.0 watts per
square foot of floor area of the room or space in
which the process loads are located.

Exception: Systems required for emergency
power only.

7. Service Water Heating Systems. Service
water heating systems that are other than
combined service hot water/space heating systems
shall be permitted to be omitted from the energy
analysis provided all requirements of 780 CMR
1306 have been met.

8. Exterior Lighting: Where included in the
analysis the exterior lighting systems shall be the
same in the standard and proposed designs.

1309.3 Proposed Design: Building systems and
loads shall be simulated in the proposed design as
follows:
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3. Mandatory Requirements: The proposed
design shall meet the requirements of the following
without exception:

a 780 CMR 1304.1.2 Moisture Control

b. 780 CMR 1304.2.7 Slabson Grade

c. 780 CMR 1304.2.8 Slabs Below Grade

d. 780 CMR 1304.3 Air Leakage

e. 780 CMR 1304.4 Insulation General

f. 780 CMR 1305.34 Temperature and

Humidity Controls

g. 780 CMR 1305.3.8 & 9 Distribution

System Construction and Insulation

h. 780 CMR 1307.0 ELECTRIC POWER

DISTRIBUTION

i. 780 CMR 1308.2 Lighting Control

1309.4 Standard Design: The standard design,
conforming to the criteriaof 780 CMR 1309, and the
proposed design, shall be designed on a common
basis as specified herein. The comparison shall be
expressed as Btu input per square foot of gross floor
areaper year. The heating and cooling system
zoning, orientation of each building feature, number
of floors, and the gross envelope areas of the
standard design shall be the same as those of the
proposed design.

Exception: Permanent fixed or movable external
shading devices for windows and glazed doors
shall be excluded from the standard design.

1309.5 Documentation: Proposed alternative
designs, submitted as requests for exception to the
standard design criteria, shall be accompanied by an
energy analysis comparison report prepared by a
professional registered engineer or registered
architect. Thereport shall provide sufficient technical
detail on the two buildings and systems designs, and
on the data used in and resulting from the
comparative analysis, to verify that both the analysis
and the designs meet the criteria of 780 CMR 13.
The documentation shall demonstrate that the
analysisused is consistent with ASHRAE calculation
procedures and accepted engineering practice.

Exception: Proposed dternative designs for
buildings having an area of 5,000 square feet or
less and having the indoor temperature controlled



